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A  DESCRIPTION 


OP 


ACTIVE    AND    EXTINCT 


VOLCANOS, 


In  the  present  state  of  geological  science,  a  mineralogist  could  hardly  employ 
himself  better,  than  in  traversing  those  ambiguous  countries  where  so  much  has 
been  ascribed  to  the  ancient  operation  of  volcanic  fire,  and  marking  out  what 
belongs  clearly  to  the  erupted  or  unerupted  lavas,  and  what  parts  are  of  doubtful 
formation,  containing  no  mark  by  which  they  may  be  referred  to  the  one  of  these, 
more  than  to  the  other.  Such  a  work  would  contribute  very  materially  to  illustrate 
the  Natural  History  of  the  Earth. — llbittrations  qf  HuttwCn  Theory, 
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My  dear  Friends^ 

The  lapse  of  twenty  years  has  only  served 
to  strengthen  in  my  mind  those  sentiments  which  induced 
me  to  dedicate  to  you,  conjointly  ^  the  former  Edition  of 
this  Work. 

Regarding^  which  I  have  never  ceased  to  do,  Chemistry 
as  the  Grammar  of  all  those  Natural  Sciences  with  which 
I  can  pretend  to  an  acquaintance,  it  is  no  less  my  desire 
now  than  heretofore  to  express  the  gratitude  I  feel  to  the 
Individual  who  was  my  first  Instructor  in  that  fascinating 
Study;  and  unimportant  as  may  have  been  the  Fruits  culled 
by  myself  during  occasional  and  somewhat  desultory  in- 
cursions  into  the  regions  of  Geology,  I  ought  not  to  leave 
out  of  the  account  the  benefit  I  have  each  time  derived, 
after  several  months  of  sedentary  occupation,  from  change 
of  scene  and  a  more  active  mode  of  life,  in  estimxiting 


VI 


what  I  owe  to  a  Pursuit ^  which  holds  out  the  strongest 
inducements  to  both. 

Thus  am  I  every  year  reminded  of  the  obligations  I 
am  under  to  the  Professor,  whose  animated  pictures  of 
the  early  History  of  the  Globe,  and  of  its  successive 
Revolutions,  first  awakened  my  attention  to  this  branch 
of  Natural  History,  and  thus  not  only  opened  to  me  a 
new  and  interesting  Department  of  Chemical  Research, 
but  also  supplied  me  tvith  a  powerful  incentive  to  foreign 
travel,  and  to  healthful  bodily  exertion. 

In  inscribing  therefore  these  results  of  my  labours  in 
the  field  of  Physical  Research,  to  those  tvho  first  taught 
me  to  reap  the  Harvest  it  affords,  and  even  to  handle  the 
implements  of  my  Craft,  I  am  doing  not  only  what  is 
grateful  to  my  own  feelings  but  just  also  towards  your- 
selves ;  and  it  is  my  hope,  that  the  same  lapse  of  years, 
which  has  given  to  you  both  a  more  extended  reputation 
and  a  higher  position  amongst  Men  of  Science,  may  like- 
ivise  have  enabled  me  to  present  you  with  a  less  inap- 
propriate hom^age,  by  so  maturinj  my  knowledge,  as  to 
render  the  present  Edition  of  this  Work  at  once  more 
accurate  in  its  details,  and  more  comprehensive  in  its 
general  outline,  than  the  one  that  preceded  it, 

I  remain. 

My  dear  Friends, 

Yours  most  faithfully, 

CHARLES  DAUBENY. 

Oxford,  Nov.  30,  1847. 


PREFACE 


TO  THE  FIRST  EDITION. 


Th£  circumstance  of  a  work  like  the  present  proceeding  from 
a  Professor  of  Chemistry  seems  to  call  for  some  explanation ; 
for  notwithstanding  the  near  connexion  that  subsists  between 
the  latter  Science  and  every  Department  of  Geological  in- 
quiry, yet  it  must  be  confessed,  that  the  Study  of  Volcanos 
embraces  in  itself  a  field  of  such  extent,  that  it  ought  to  be 
entered  upon  as  a  principal^  rather  than  as  a  subordinate 
occupation. 

It  is  fair  therefore  to  myself  to  mention,  that  the  subject 
was  first  taken  up  at  a  time  when  there  appeared  a  reason- 
able prospect  of  my  obtaining  an  appointment,  which  would 
have  entailed  the  necessity  of  a  five  years'  absence  from  my 
native  country. 

The  appointment  in  question  I  indeed  ultimately  lost, 
owing,  as  it  was  understood,  to  certain  doubts  that  had  been 
started  with  regard  to  my  eligibility  as  a  Candidate ;  but,  as 
I  had  already  formed  the  plan,  and  in  some  degree  advanced 
in  the  details  of  the  inquiry,  I  continued  to  prosecute  it  at 
intervals,  not  only  for  several  years  after  my  hopes  of  the 
situation  alluded  to  had  been  frustrated,  but  even  at  a  time 
when  the  office  I  afterwards  obtained  in  the  University  of 
Oxford  might  have  rendered  a  somewhat  different  line  of 
pursuits  more  appropriate. 
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I  have  been  obliged  however  in  consequence  to  curtail  in 
a  considerable  degree  the  scheme  I  had  formed,  which  com- 
prehended originally  an  examination  of  the  Volcanos  in  the 
New,  as  well  as  of  those  in  the  Old  World ;  and  am  under  the 
necessity  of  now  bringing  forwards  as  a  compilation,  many 
parts  of  the  work  in  which  I  had  intended  to  introduce  nothing 
but  original  matter. 

It  is  satisfactory  for  me  however  to  reflect,  that  I  have 
visited  most  of  the  principal  localities  in  Europe,  noticed  in 
my  first  two  Lectures*  as  the  seats  of  volcanic  action,  so  that 
with  respect  to  them,  even  where  facts  are  stated  which  did 
not  fall  within  the  compass  of  my  own  observation,  I  have 
been  able  to  ascertain,  by  going  over  the  same  ground,  what 
degree  of  credit  is  due  to  the  individuals  on  whose  authority 
they  are  given. 

In  treating  of  the  other  Quarters  of  the  Globe  in  which 
Volcanos  occur,  I  have  spared  no  pains  in  availing  myself,  to 
the  best  of  my  ability,  of  those  resources,  which  a  proximity 
to  extensive  public  libraries  has  placed  at  my  disposal,  and 
therefore  hope  that  this  part  of  the  work  at  least  may  be  of 
use  to  future  travellers ;  not  merely  by  putting  before  them 
what  is  already  ascertained,  but  likewise  by  directing  their 
attention  to  those  points  which  still  require  investigation. 

I  venture  therefore  to  offer  these  Lectures  as  supplying  in 
some  degree,  even  in  their  imperfect  state,  a  deficiency  long 
felt  in  the  geological  literature  of  Great  Britain ;  no  treatise 
on  the  subject  of  Volcanos  having  appeared  in  this  language 
since  that  of  the  Abbe  Ordinaire,  except  indeed  the  recent 
publication  of  Mr.  Poulett  Scrope,  which,  though  containing 
many  ingenious  views  on  the  theoretical  parts  of  the  subject, 
is  not  calculated  to  supersede  the  demand  for  another  work, 
expressly  designed  to  convey  a  detailed  statement  of  facts, 

♦  Comprising  what  now  occupies  the  first  300  pages  of  the  Work. 
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with  regard  to  the  characters  and  situation  of  the  rocks  which 
owe  their  origin  to  subterraneous  fire. 

I  have  only  further  to  add,  that  the  remarks,  made  at  the 
commencement  of  the  First  Lecture,  with  respect  to  the  Uttle 
attention  that  has  been  paid  in  Great  Britain  to  the  Depart- 
ment of  Geology  which  forms  the  subject  of  this  work,  must 
be  understood  as  applying  solely  to  that  portion  of  it  which 
relates  to  Products  confessedly  Volcanic ;  for  in  no  country 
have  more  important  lights  been  thrown  on  the  nature  of  Trap 
and  Basaltic  Districts,  than  by  the  labours  of  Dr.  MaccuUoch 
and  of  other  English  Geologists*;  to  some  of  whom  I  feel 
personally  indebted,  either  for  much  of  the  information  which 
forms  the  groundwork  of  such  an  inquiry,  or  for  the  friendly 
assistance  afforded  me  in  the  prosecution  of  it. 

*  See  pftrticalarly  the  Memoir  on  the  Coast  of  Antrim,  by  my  friends 
the  Rev.  W.  fiackland  and  W.  Conybeare,  in  the  third  volume  of  the  Geo- 
logical Transactions,  supplementary  to  Dr.  Berger's  paper  on  the  same 
district. 


PREFACE 


TO  THE  SECOND  EDITION. 


If  any  apology  be  thought  requisite  for  reviving  at  the  pre- 
sent time  a  Treatise  that  has  for  many  years  past  been  out 
of  print,  the  mere  reference  to  its  present  as  compared  with 
its  original  bulk  may,  it  is  conceived,  suggest  reasons  that  will 
appear  satisfactory. 

That  this  increase  in  its  size  has  not  arisen  from  a  more 
diffuse  or  discursive  mode  of  writing,  will  be  manifest  from 
a  very  cursory  examination  of  its  contents  ;  indeed,  it  may  be 
perceived,  that  the  facts  are  presented  in  a  more  condensed 
form  than  heretofore ;  that  much  of  what  appeared  less  rele- 
vant to  the  subject  has  been  curtailed  or  omitted ;  and  that 
every  effort  has  been  made  by  the  Printer  to  economise  space, 
by  bringing  the  lines  into  closer  juxtaposition,  and  by  the 
substitution  of  a  smaller  type  for  the  less  important  portion 
of  the  details. 

Such,  nevertheless,  have  been  the  accessions  to  the  mass 
of  our  information  on  the  subjects  discussed  in  this  Volume 
which  the  last  twenty  years  have  produced,  that  whereas  in 
the  former  Edition  the  Descriptive  Portion  occupied  only  352 
loosely  printed  pages,  in  the  present  it  has  swollen  to  no  less 
than  503 ;  and  that  the  General  Remarks  on  Volcanic  Phae- 
nomena,  which  were  heretofore  comprised  within  80  pages, 
have  now  extended  themselves  to  110. 
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Moreover,  a  still  further  increase  to  the  size  of  the  volume 
has  been  occasioned  by  my  regarding,  as  Departments  of  Vol- 
canic Geology,  Earthquakes  and  Thermal  Springs,  phseno- 
mena  passed  over  in  a  very  cursory  manner  in  the  former 
Edition,  but  occupying  nearly  100  pages  in  the  present. 

In  this  extension  of  my  design  it  would  have  been  mani- 
festly absurd  to  have  retained  the  division  into  Lectures,  in 
which  form  the  original  draft  or  outline  of  my  Work  was 
moulded :  but  it  will  be  seen  that  the  same  arrangement  of 
the  materials  is  still  persevered  in,  as  being,  it  is  conceived, 
convenient,  both  in  enabling  the  Reader  to  grapple  with  the 
facts,  before  his  mind  is  biassed  with  the  hypotheses,  and 
also  in  rendering  the  Volume  capable  of  serving  as  a  kind  of 
Guide-book  to  the  Explorers  of  Districts  in  which  Volcanic 
phsenomena  occur  abroad,  no  less  than  as  a  Storehouse  of 
Facts  for  those  who  reason  upon  them  at  home. 

In  short,  if  in  the  imperfect  and  immature  form  in  which 
it  originally  appeared — before  the  researches  of  Darwin,  of 
Abich,  of  Elie  de  Beaumont,  and  of  a  whole  host  of  other 
Geological  travellers,  had  shed  so  much  light  upon  the  phse- 
nomena of  Volcanos — my  Work  met  with  a  favourable  recep- 
tion*, as  well  as  a  ready  sale,  it  may  be  offered  to  the  Public 
with  some  degree  of  confidence  now,  when  the  subject  itself 
comes  invested  with  a  new  interest,  owing  to  the  connexion 
between  the  present  phsenomena  of  Volcanos  and  the  past  as 
well  as  future  Revolutions  of  our  Planet,  that  has  been  sub- 
stantiated through  the  important  contributions  which  the 
persons  above-mentioned  and  so  many  other  of  their  fellow- 
labourers  have  rendered  to  Science. 

By  thus  drawing  largely  from  the  Investigations  of  others,  as 
well  as  from  the  Memoirs  on  Volcanic  Geology  which  I  have 

*  See  especially  the  Edinburgh  Review  for  March  1827. 
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myself  communicated  to  various  Societies  since  the  first  pub- 
lication of  this  Treatise,  it  has  been  my  endeavour  to  incorpo- 
rate with  the  original  materials  whatever  had  been  added  of 
any  value  to  our  stock  of  knowledge  on  this  subject  during 
the  years  that  have  since  elapsed ;  and  although  I  have  not 
seen  reason  to  abandon  the  views  with  which  I  started,  either 
with  respect  to  the  probable  cause  of  volcanic  action,  or  the 
mode  of  its  operation,  my  readers,  it  is  conceived,  will  find 
the  means  of  correcting  my  errors  on  these  points  placed 
within  their  reach,  by  the  faithful  report  of  the  phsenomena 
themselves  which  is  presented  to  their  consideration. 

In  a  word,  whilst  avoiding,  as  much  as  possible,  to  chal- 
lenge controversy,  I  have  been  far  firom  keeping  out  of  sight, 
and  have  rather  aimed  at  giving  a  prominence  to,  such  state- 
ments and  expositions  of  facts  as  seemed  least  in  accordance 
with  the  Geological  opinions  now  in  vogue,  thus  labouring, 
so  far  as  in  me  lies,  to  correct  that  one-sidedness  of  mental 
vision  which  is  apt  to  be  engendered,  by  contemplating  exclu- 
sively .one  class  of  geological  agents,  and  by  regarding  the 
truths  of  Science  under  certain  particular  aspects. 

Above  all,  it  has  been  my  wish  to  attach  to  Chemical  con- 
siderations their  just  and  proper  weight,  confident  that  if  I 
can  succeed  in  so  doing,  I  shall  be  rewarded  by  the  satisfac- 
tion of  having  enlisted  in  the  cause  of  Geology  a  potent  and 
too  much  neglected  Ally,  even  though  it  should,  as  is  very 
possible,  supply  weapons  to  others  for  the  demolition  of  the 
theories  that  I  have  myself  aimed  at  constructing  by  its  aid. 


Nov.  30,  ie47. 
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CHAPTER  I. 

INTRODUCTORY  REMARKS. 

It  cannot  fail  to  be  a  source  of  satisfaction  to  those  who^  like 
the  Author  of  this  Treatise,  have  watched  with  some  interest 
the  progress  of  Geology  for  more  than  a  quarter  of  a  century, 
to  observe  not  only  the  enormous  accumulation  of  facts  bear- 
ing upon  the  subject-matter  of  the  science  itself  which  have 
been  amassed  within  that  period,  but  also  the  advance  that 
has  been  made  in  the  meanwhile  towards  the  settlement  of 
some  of  those  important  problems  which  stand,  as  it  were, 
at  the  very  threshold  of  all  inquiries  of  this  description. 

Thus  we  need  not  go  further  back  than  to  the  Geological 
Essay*  of  my  respected  predecessor  in  the  Chair  of  Chemistry 
in  my  own  University,  to  be  reminded,  that  within  the  last 
thirty  years  it  was  still  considered  a  subject  of  doubt  whether 
the  phaenomena,  which  an  examination  of  the  earth^s  crust 
had  shown  to  have  been  manifested  in  former  ages,  were  the 
same  in  kind  with  any  of  those  that  are  taking  place  at  pre- 
sent, or  whether  they  involve  the  supposition  of  a  totally 
distinct  system  of  causes,  which  since  the  commencement  of 
the  existing  order  of  things  have  ceased  to  operate. 

The  observations  made  subsequently  to  the  period  alluded 
to«  and  the  discussions  that  followed  in  their  train,  have  at 

*  Kidd'8  Geological  Essay,  Oxford,  1815. 
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least  80  fdr  narrowed  the  field  of  controversy,  as  that  the 
fixity  of  the  laws  of  nature  through  all  time,  as  over  all  space, 
is  regarded  as  an  axiom  in  all  systems  of  cosmogony,  and 
that  the  only  question  upon  which  any  further  dispute  can 
arise  now  is,  whether  the  limited  range  which  our  observa- 
tions embrace,  does  in  fact  justify  us  in  pronouncing,  that 
the  phsenomena  which  have  occurred  formerly  cannot  have 
exceeded  in  magnitude  and  extent  those  which  we  see  taking 
place  before  our  eyes. 

Thus,  for  instance,  instead  of  vaguely  referring,  as  hereto- 
fore, the  excavation  of  valleys  and  the  distribution  of  erratic 
blocks  to  the  operation  of  one  universal  Deluge,  a  catastrophe, 
which  if  brought  about  by  supernatural  agency  lies  beyond 
the  field  of  our  investigations,  and  if  through  the  instrumen- 
tality of  natural  agents,  would  imply  a  mode  of  action  different 
from  anything  we  have  ever  experienced,  geologists  of  the 
present  day  are  principally  occupied  in  searching  for  pro- 
cesses now  going  on,  in  order  to  explain  the  appearances 
alluded  to,  and  seem  only  divided  as  to  the  question  of 
the  possibility  of  referring  them  to  the  action  of  existing 
streams,  and  to  such  floods  as  may  have  occurred  in  the 
country  within  the  memory  of  man,  or  to  the  bursting  of 
lakes,  the  melting  of  icebergs,  the  descent  of  glaciers  and 
other  events,  which  though  not  observed,  at  least  within  the 
limits  of  the  district  under  examination,  are  nevertheless  all 
reducible  to  the  agency  of  natural  forces. 

The  same  progress  seems  to  have  been  made  towards  the 
solution  of  those  geological  pheenomena  which  depend  upon 
the  operation  of  igneous  causes ;  for  whilst,  at  a  period  not 
very  remote,  the  existence  of  granitic  and  trappean  rocks  waa 
referred  to  processes  which,  to  say  the  least,  implied  a  mode 
of  action  bearing  no  relation  or  analogy  to  anything  actually 
taking  place,  we  are  now  at  least  agreed  in  ascribing  such 
formations  to  the  operation  of  causes  similar  to  those  which 
at  present  manifest  themselves  in  volcanos  and  in  earthquakes, 
modified  only  by  certain  differences  in  the  conditions  under 
which  these  forces  were  exerted. 

For  the  full  recognition  of  this  Principle,  as  well  as  for  the 
development  of  the  important  consequences  following  from  its 
adoption,  we  are  much  indebted  to  the  highly  philosophical 
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work  of  Mr.  Lyell^  which  appeared  since  the  publication  of 
the  first  edition  of  this  present  Treatise^  although  it  may  be 
seen  by  reference  to  the  latter,  that  whilst  the  limited  expe- 
rience I  possessed  on  geological  subjects  in  general  would  have 
rendered  it  an  act  of  presumption  on  my  part  to  dispute,  as 
Mr.  Lyell  has  done,  the  conclusions  that  had  been  previously 
arrived  at  by  others  with  respect  to  those  phaenomena  which 
imply  the  action  of  water,  I  had  at  least  stood  out  for  the 
principle  of  the  unvarying  operation  of  the  laws  of  nature  so 
far  as  regarded  those  igneous  operations  which  I  had  made 
my  principal  study.  Accordingly  the  professed  object  of  my 
Treatise  was  stated  to  be  that  of  bringing  together  from 
various  sources,  facts  relating  to  the  operation  and  effects  of 
volcanos  and  of  earthquakes,  such  as  might  serve  as  data  by 
means  of  which  to  account  for  the  appearances  exhibited  by 
the  granitic  and  trappean  rocks  produced  at  former  periods 
of  the  earth's  history. 

Indeed,  even  so  long  ago  as  the  year  1816,  when  pursuing 
my  studies  at  Edinburgh,  I  was  led  to  meditate  the  excur- 
sions which  brought  me  to  the  above  conclusions,  and  which 
were  undertaken  in  the  first  instance  principally  as  a  means 
of  ascertaining  whether  trap  rocks  were  of  igneous  origin  or 
not. 

At  that  period  the  authority  of  Professor  Jameson,  whose 
lectures  I  was  attending,  was  calculated  to  impart  to  his  class 
a  bias  in  favour  of  the  doctrines  of  the  school  of  Werner, 
although  I  was  never  so  far  a  convert  to  the  opinions  alluded 
to,  as  not  to  entertain  misgivings  with  respect  to  the  conclu- 
sions that  this  geologist  and  his  disciples  had  in  that  instance 
arrived  at,  and  not  to  feel  a  persuasion  that  for  the  sake  of 
determining  whether  trap  rocks  owed  their  origin  to  fire,  the 
most  effectual  method  would  be  that  of  comparing  them  in 
all  their  details  with  products  universally  acknowledged  to  be 
volcanic. 

I  perceived  that  for  this  purpose  a  mere  examination  of 
hand-specimens  was  not  sufficient — the  spots  themselves 
should  be  visited,  and  the  circumstances  of  geological  po- 
sition as  well  as  the  nature  of  the  rocks  associated  must  be 
carefully  compared  with  what  had  been  observed  in  those 
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trap  districts  which  had  excited  so  much  attention  and  dis- 
pute. 

I  could  not  help  wondering  that  such  an  inquiry,  inti- 
mately connected  as  it  was  with  the  basaltic  question,  should 
never  have  been  taken  up  by  any  of  the  zealous  supporters 
of  either  system ;  that  the  volcanos  of  Auvei^e,  for  in- 
stance, should  be  known  to  us  chiefly  through  a  French 
work  of  rather  an  old  date^,  or  a  short  German  tract  of  Von 
Buch'sf)  and  that  of  the  reputed  volcanos  of  Hungary  we 
should  possess  absolutely  no  authentic  account  :t^  since  one 
author  represented  the  whole  country  as  of  aqueous  origin  §, 
whilst  another  described  the  very  craters  from  whence  the 
lava  was  ejected  ||. 

A  visit  to  Auvergne  in  the  year  1818  was  the  first  step 
taken  by  me  towards  carrymg  out  the  inquiries  thus  pro- 
jected, and  the  result  of  them  was  that  of  speedily  bringing 
me  to  the  conclusions  which  I  stated  in  my  Letters  to  Professor 
Jameson,  pubUshed  in  his  Journal  in  1819,  and  afterwards 
embodied  in  my  general  Treatise  on  Volcanos,  the  interval 
up  to  the  time  of  the  appearance  of  this  latter  work  in  1826 
having  been  occupied,  not  so  much  in  hunting  for  further 

*  Montlosier  sur  les  Volcans  d' Auvergne,  1802. 

t  Mineralogische  Briefe  aus  Auvergne,  in  the  2nd  volume  of  his  Geo- 
gnostische  Beobachtungen,  Berlin,  1809- 

l  I  allude  to  the  winter  of  1816-17,  which  I  spent  at  Edinburgh.     In 
1819  I  visited  Auvergne,  and  published  a  short  account  of  my  observations 
in  Jameson's  Journal,  vols.  iii.  and  iv.     In  the  same  year  the  first  notice 
of  Beudant's  researches  in  Hungary  appeared  in  Daubuisson's  '  Trait^  de 
G^gnosie.'    They  were  three  years  afterwards  more  fully  detailed  in  his 
own  work,  entitled  '  Voyage  en  Hongrie,'  from  which  I  have  drawn  a  great 
part  of  my  account  of  the  structure  of  the  volcanic  rocks  of  that  country^ 
In  1820  Professor  Buckland  examined  the  Vicentin,  and  satisfied  himself 
with  respect  to  the  analogy  which  the  strata  in  that  country  seen  alter- 
nating with  volcanic  products  bear  to  the  beds  above  the  chalk  in  England. 
He  also  visited  Auvergne  and  part  of  Hungar}\     Mr.  Bakewell  likewise 
has  noticed  Auvergne  in  his  '  Travels  in  the  Tarentaise,'  London,  1823. 
The  foreign  contributions  to  the  knowledge  of  volcanos  will  be  seen  by 
reference  to  my  general  list  of  works  on  the  subject.    It  is  to  be  regretted 
that  the  death  of  Professor  Playfair  so  soon  after  his  return  from  Italy 
should  have  prevented  the  public  from  being  benefited  by  his  researches  in 
that  country. 

§  Esmarck,  Kurze  Bescfareibung  einer  Rcisc  durch  Ungarn,  1799* 

II  Fichtel,  Mineralogische  Bemerkungen  von  den  Karpathen,  Wien,  1791. 
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proofs  in  favour  of  the  igneous  origin  of  trap^  as  in  collecting 
facts  which  might  tend  at  once  to  elucidate  the  differences 
subsisting  between  these  two  classes  of  allied  phaenomena, 
and  to  reveal  the  causes  upon  which  they  depended. 

Accordingly  it  was  my  endeavour  to  show,  by  aA  examina- 
tion of  volcanic  rocks  of  all  ages,  that  the  products,  whether 
of  ancient  or  of  modern  igneous  agency,  were  in  all  respects 
such  as  we  might  deduce  h  priori  from  considering  the  con- 
dition of  the  earth's  surface  during  the  several  periods  at 
which  it  was  in  operation.  And  although  during  the  period 
that  has  elapsed  since  the  first  publication  of  my  Treatise, 
the  great  body  of  geological  readers  have,  it  is  to  be  pre- 
sumed, too  completely  satisfied  themselves  with  respect  to 
the  identity  of  the  igneous  causes  which  have  been  at  work 
formerly  and  are  in  existence  at  present,  to  require  any  longer 
having  the  facts  that  confirm  that  position  pressed  upon  their 
attention,  still  it  remains  open  to  inquiry,  whether  the  opera- 
tion of  such  causes  may  not  once  have  been  more  diffused, 
or  more  energetic  than  at  present,  and  whether  periodical 
exhibitions  of  convulsive  energy  may  not  have  alternated  with 
the  slow  and  gradual  working  of  the  forces  which  develope 
themselves  before  our  eyes. 

So  long  as  this  controversy  continues,  the  phaenomena  of 
volcanos  will  present  an  interest  even  independent  of  that 
which  they  must  ever  command  from  their  own  imposing 
nature  and  their  present  influence  upon  the  structure  of  the 
globe,  thus  creating  that  demand  for  a  full  and  comprehensive 
survey  of  their  various  effects,  divested  of  theory,  and  got 
up  with  no  view  to  the  inculcation  of  any  peculiar  theoretical 
opinions,  which  may  explain  the  call  that  has  been  made  for  the 
republication  of  this  Treatise  at  various  times  since  the  first 
impression  of  it  was  exhausted,  but  to  which  a  variety  of  en- 
gagements, of  a  nature  more  pressing  and  more  immediately 
connected  with  the  routine  of  my  ofiicial  duties,  has  until  now 
prevented  me  firom  responding. 
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General  Nature  of  Volcanic  Action. 

If  we  contemplate  a  volcano  whilst  in  a  state  of  vigorous 
action,  the  phaenomena  presented  to  us  are  at  once  so  peculiar 
and  so  impressive,  that  it  would  seem  unnecessary  to  be  at 
the  trouble  of  defining  that  which  the  commonest  observer 
could  hardly  fail  to  recognise  again,  after  having  once  wit- 
nessed it  in  operation. 

The  evolution  of  steam  and  ignited  matter  from  an  orifice 
in  the  earth,  generally  situated  on  the  summit  or  flanks  of  a 
conical  mountain  ;  the  ejection  of  fragments  and  scoriae,  bear- 
ing a  near  resemblance  in  their  condition  and  aspect  to  the 
slag  of  an  iron-fbundry ;  the  sudden  and  copious  extrication 
of  elastic  fluids,  with  their  natural  concomitants,  noise,  and  a 
concussion  of  the  rocks  through  which  they  force  their  way,— 
are  circumstances  which  strikingly  impress  upon  the  imagi- 
nation the  paroxysms  of  volcanic  action,  and  appear  to  di- 
stinguish this  from  all  the  other  operations  of  nature. 

Accordingly,  from  the  earliest  periods  the  existence  of 
volcanos  had  excited  attention,  and  their  leading  phaeno- 
mena were  pretty  correctly  described, — they  have  supplied  a 
groundwork  for  the  superstitions  of  the  vulgar  and  for  the 
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speculations  of  the  philosopher;  and  much  of  our  present 
knowledge  with  regard  to  the  character^  extent  and  date  of 
their  operations  may  be  collected  from  the  incidental  notices 
of  them  transmitted  to  us  by  the  historians^  and  even  by  the 
poets  of  antiquity. 

Nevertheless^  when  we  examine  the  subject  more  atten- 
tively, difficulties  occur  with  respect  to  the  real  relation  borne 
by  them  to  several  of  those  phsenomena  which^  from  some 
obvious  fbature  of  similarity,  have  been  regarded  as  their  off- 
spring* 

If,  in  conformity  to  the  vulgar  idea,  all  burning  mountains 
are  ranked  amongst  volcanos,  we  admit  into  the  same  class  a 
variety  of  incongruous  appearances,  which  possess  indeed  no 
one  character  in  common,  except  that  of  being  accompanied 
with  what  seems  at  least  to  be  an  emission  of  flame,  and 
which  are  therefore  assignable,  in  all  probability,  to  causes  of 
many  different  kinds.  If,  on  the  contrary,  none  but  such 
as  present  this  obvious  resemblance  to  existing  volcanos  are 
to  be  included  in  our  definition,  we  lose  the  advantage  of 
considering  a  series  of  effects  evidently  allied  to  the  sub- 
ject before  us,  and  perhaps  equally  illustrative  of  its  real 
nature* 

How  different,  for  example,  are  the  eruptions  of  Vesuvius 
and  Etna,  in  kind  as  well  as  in  degree,  from  the  emanations 
of  gas  and  aqueous  vapour  which  proceed  at  times  from  the 
sulphureous  soil  at  Macaluba  in  Sicily,  from  the  foot  of  the 
Apennines  near  Modena,  and  still  more  remarkably,  it  is 
said,  in  Crim  Tartary  and  in  the  neighbourhood  of  the  Cas- 
pian* ;  or  from  the  emissions  of  gas  now  observed  at  Pietra 
Mala  between  Bologna  and  Florence,  and  the  spontaneous 
fire  (as  it  was  believed  to  be)  which  in  ancient  times  added  to 
the  superstitious  reverence  entertained  for  the  sacred  peaks  of 
Parnassus ! 

On  the  other  hand,  if  we  consider  the  character  of  the 
phaenomena  exhibited,  how  intimate  is  the  connection  between 

*  Whether  these  latter  result,  as  Sir  Roderick  Murchison  in  his  'Russia' 
supposes,  from  volcanic  processes,  will  be  discussed  hereafter ;  in  this  early 
stage  of  the  inquiry  it  is  only  necessary  to  remark,  that  these  phaenomena 
are  of  too  anomalous  a  character  to  be  assumed  amongst  the  data  upon 
which  to  build  a  theory  of  volcanic  operations. 
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the  eruptions  of  Vesuvius  and  the  earthquakes  or  hot  springs 
in  its  vicinity ;  and^  looking  only  to  the  nature  and  constitu- 
tion of  the  mineral  products^  how  impossible  is  it  to  draw  a 
line  between  those  which  have  evidently  resulted  from  its 
eruptions  in  modern  times^  and  many  rocks  in  the  contiguous 
country,  where  nothing  of  a  volcanic  nature  has  as  yet  been 
noticed  as  occurring ! 

Pfuenamena  attributable  to  Volcanic  Action. 

In  order,  therefore,  to  establish  a  sufficiently  broad  basis 
on  which  to  ground  any  general  conclusions  with  regard  to 
the  agency  of  this  cause  throughout  nature,  it  seems  necessary 
to  settle,  in  the  first  place,  what  phaenomena,  independently 
of  those  more  palpable  ones  which  first  occur  to  the  imagina^ 
tion,  are  to  be  regarded  as  indicative  of  volcanic  action,  ex- 
erted under  the  same  circumstances  as  at  present,  though 
possibly  at  a  very  remote  period. 

It  is  clear  that  the  date  of  the  eruption  which  gave  rise  to 
these  efiects  will  be  immaterial  to  our  present  purpose,  pro- 
vided we  possess  an  equal  certainty  as  to  its  reality ;  and  that 
we  shall  be  entitled  to  avail  ourselves  of  the  evidence  to  be 
derived  from  extinct  no  less  than  from  existing  volcanos,  just 
as  the  traveller,  who  should  endeavour  to  collect  proofs  of  the 
existence  of  iron-foundries  in  an  unknown  country,  might 
be  at  hberty  to  infer  their  presence,  not  only  in  places  where 
they  were  at  the  time  established,  but  also  wherever  such 
accumulations  of  slag  and  scoriae  were  found  as  could  only 
have  arisen  from  the  same  formerly  in  operation. 

Now  the  circumstances  which  may  be  held  sufficient  to 
substantiate  the  existence  of  volcanic  operations,  of  a  descrip- 
tion similar  to  those  at  present  proceeding,  are  derived  from 
three  sources : — 

1.  Indications  of  internal  commotion,  inferred  from  heaps 
of  stones  and  scoriae  that  appear  to  have  been  ejected ;  from 
lava-currents,  the  course  of  which  from  their  points  of  emis- 
sion to  considerable  distances  may  be  distinctly  traced ;  and 
from  aqueous  vapour,  or  gases  possessing  those  chemical 
properties  which  will  be  hereafter  considered,  which  are  still 
evolved  from  this  part  of  the  earth^s  surface. 
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2.  The  resemblances  in  structure  borne  by  the  masses 
taken  collectively  to  that  of  volcanos  now  in  action,  under 
which  head  we  may  rank  the  existence  of  a  mountain  ap- 
proaching to  a  conical  form,  and  composed  wholly,  or  at  least 
superficially,  of  strata  possessing  what  is  called  a  quaqua- 
versal  dip,  or  sloping  away  in  all  directions  from  a  com- 
mon centre,  where  some  vestiges  remain  of  a  crater-shaped 
cavity. 

3.  The  condition  of  the  individual  rocks  themselves, 
whether  mechanically  or  chemically  considered.  Their  me- 
chanical condition  supplies  the  most  obvious  and  conclusive 
evidence,  namely  a  texture  approaching  more  or  less  to  that 
of  glass,  together  with  a  structure,  partially  at  least,  honey- 
combed with  cells  and  cavities.  Both  these  peculiarities  ob- 
viously result  from  a  state  of  fusion,  coupled  with  an  evolution 
of  elastic  vapours  having  taken  place  during  the  period  of 
cooling.  But  their  chemical  constitution  affords  indications 
of  even  more  importance,  as  it  extends  to  all  rocks  compre- 
hended under  the  same  category,  whilst  the  mechanical  cha- 
racters alluded  to  are  only  partially  present. 

It  would  indeed  be  too  much  to  say,  that  all  igneous  rocks 
possess  ah  analogous  chemical  composition  ;  for  there  are  in- 
terspersed, even  through  formations  of  a  decidedly  volcanic 
origin,  masses  of  many  different  kinds,  to  say  nothing  of  the 
numerous  imbedded  minerals  that  occur  in  the  greater  number 
of  such  rocks. 

But  it  may  be  fairly  laid  down,  that  a  mineral  analogous  to 
felspar,  in  chemical  composition  at  least,  if  not  in  mineralogi- 
cal  characters,  constitutes  the  basis  of  every  true  volcanic  for- 
mation, and  that  the  apparent  impossibility,  without  the  aid 
of  heat,  of  reducing  its  principal  ingredients  to  such  a  state 
of  liquidity  as  seems  essential  to  any  chemical  union  taking 
place  between  them,  constitutes  in  itself  a  strong  presumption 
that  those  rocks,  which,  like  granite,  consist  mainly  of  it,  have 
been  produced  by  the  operation  of  fire. 

But  how,  it  may  be  asked,  can  we  be  justified  in  applying 
this  test  as  an  indication  of  igneous  action  in  general,  when 
the  very  operation  of  the  heat  may  be  expected,  as  in  our 
artificial  processes,  to  obliterate  all  distinctions  of  mineralo- 
gical  character,  and  thus  only  to  produce  felspar  in  the  rare 
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accident  in  which  its  several  constituents  were  presented  to 
each  other  exactly  in  the  proportions  which  would  form  it? 
And  accordingly  it  is  notorious  that  the  homogeneous  aspect^ 
not  merely  of  vitreous  lavaSj  but  even  of  trap  rocks  in  general^ 
and  particularly  of  basalt,  is  such  as  to  baffle  all  attempts 
which  can  be  made  by  simple  inspection  to  determine  the 
mineral  constitution  of  the  mass* 

To  this  we  may  reply,  that  heat  affects  a  mineral  in  two 
ways,  according  to  the  rate  at  which  the  subsequent  cooling 
is  allowed  to  proceed. 

When  the  latter  takes  place  rapidly,  all  traces,  not  only 
of  crystallization,  but  even  of  segregation  of  parts  will  be  ob« 
literated,  and  the  entire  mass  will  assume  throughout  a  uni- 
form texture,  like  that  of  glass. 

In  such  an  instance  as  this,  however,  we  do  not  require 
any  such  test  as  the  one  proposed,  because  the  vitreous  cha- 
racter which  the  whole  presents  sufficiently  reveals  its  igneous 
origin. 

But  in  the  case  of  those  substances  which  have  returned 
more  slowly  into  a  solid  state,  and  which  in  consequence  have 
acquired  a  stony  aspect,  there  appears  to  be  always  an  exer- 
tion of  the  chemicd  affinities  subsisting  between  the  several 
constituents  of  the  mass,  sufficient  to  cause  the  production  of 
distinct  minerals,  even  when  the  latter  are  so  intimately 
blended  as  to  present  a  uniform  appearance  to  the  eye. 

Now  here,  two  methods  have  been  suggested  for  the  pur- 
pose of  determining  the  nature  of  the  minerals  so  con- 
founded. 

The  first  is  that  adopted  by  M.  Cordier,  but,  so  far  as  I 
know,  not  much  practised  by  any  other  mineralogist.  It 
consists  of  a  careful  process  of  levigation  and  washing,  by 
which  the  several  minerals  composing  a  trappean  rock  should 
be  separated  by  their  specific  gravity;  somewhat  on  the 
same  principle  in  which  tin  and  other  metals  are  abstracted 
mechanically  from  the  earthy  impurities  that  accompany 
them*. 

But  a  more  easily  applicable  method  of  discrimination  has 
been  pointed  out  to  us  by  Professor  Gmelin,  who  ascertained 

*  Cordier  sur  les  Substances  Min^rales  dites  en  masse,  Journ.  de  Phys. 
vols.  Ixixii.  Ixxziii. 
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that  many  trappean  rocks  of  homogeneous  texture^  such  as 
clinkstone  and  basalt,  are  separable  into  two  portions  by  digeB^ 
Hon  in  muriatic  acid,  which  dissolves  one  part  and  leaves  the 
other  untouched. 

This  separation  being  effected,  it  is  easy  afterwards  to  de* 
termine,  by  chemical  analysis,  the  mineral  constitution  of  the 
respective  parts* 

By  this  method  it  has  been  discovered  that  clinkstone  is  an 
intimate  mixture  of  felspar  and  of  a  zeolite ;  and  dolerite,  of 
which  the  majority  of  lavas  consist,  of  labradorite  (which,  as 
we  shall  see,  is  a  species  of  felspar)  intermixed  with  augite* 
Basalt  indeed  is  by  the  same  method  found  to  be  composed 
of  a  zeolite,  of  augite,  and  of  magnetic  iron ;  but  then  the 
resemblance  in  composition  between  the  zeolitic  mineral  and 
one  species  of  felspar,  namely  labradorite,  the  presence  of 
water  being  the  chief  difference  between  the  two,  leads  to 
the  suspicion  that  the  basis  of  this  rock  likewise  is  of  a  fels- 
pathic  nature. 

Since  felspar  then  is  an  ingredient  in  most  rocks  of  igneous 
formation,  it  is  important  to  obtain  in  the  first  instance  a  clear 
notion  of  its  chemical  nature,  and  of  its  relations  to  other 
bodies. 

It  is  to  be  regarded,  in  the  first  place,  not  as  a  single  mine- 
ral, but  as  a  generic  name  for  several  different  ones,  possess* 
ing  certain  characters  in  common,  as  well  as  an  analogy  in 
respect  to  their  chemical  constitution. 

We  may  define  it  as  indicating  a  mineral,  the  primary 
form  of  which  is  an  oblique  rhombic  prism,  whilst  its  che- 
mical composition  is  that  of  two  silicates  united  together; 
the  first  consisting  of  silica  united  with  any  base  which  con* 
tains  only  one  atom  of  oxygen,  the  second  one  where  that 
body  is  united  to  a  base  in  which  the  proportion  of  oxygen 
to  the  radical  is  as  three  to  two. 

But  this  definition  gives  scope  for  a  considerable  diversity 
of  chemical  composition,  since  silica  is  capable  of  entering 
into  chemical  union  with  bases  in  the  proportion  of  one,  two, 
and  three  atoms ;  and  accordingly  I  may  enumerate  the  fol- 
lowing species  of  the  felspar  family,  as  distinguished  by  Rose 
and  his  disciples.    In  this  enumeration  however  I  will  endea- 
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your  to  simplify  the  matter  as  much  as  possible,  by  pointing 
out,  in  the  first  place,  merely  the  relation  which  the  silica 
bears  to  the  base  which  contains  three  atoms  of  oxygen  to 
two  of  radical ;  and  in  order  to  avoid  an  inconvenient  circum- 
locution, will  speak  of  this  base  as  though  it  were  in  all  cases 
alumina,  that  being  the  negative  element  possessing  the  above 
composition  which  is  most  commonly  found  in  union  with 
silica  in  this  class  of  minerals. 

In  anorthite,  then,  and  in  labradorite,  the  siUca  is  to  the 
alumina  in  the  proportion  of  atom  to  atom,  the  difference 
between  these  two  minerals  consisting  in  the  former  being 
composed  of  three  proportionals  of  this  combination,  in  the 
latter  of  only  one. 

In  the  andesin,  or  the  felspar  from  the  Andes,  as  well  as  in 
oligoclase,  the  silica  is  to  the  alumina  in  the  proportion  of 
two  to  one ;  the  difference  between  them  consisting  in  the 
proportion  which  the  silica  bears  to  the  base  with  one  atom 
of  oxygen. 

Lastly,  in  pericline,  albite,  glassy  felspar,  adularia,  and  or- 
thoclase,  the  proportion  of  silica  to  alumina  is  as  three  to  one, 
the  largest  amount  in  which  it  is  capable  of  entering  into 
chemical  union  with  any  base  whatsoever. 

The  chemical  differences  between  these  four  minerals  con- 
sist in  the  nature  of  the  base  with  one  atom  of  oxygen  united 
to  silica,  which  they  contain ;  this  in  orthoclase  is  chiefly 
potass ;  in  albite  wholly  soda ;  in  pericline  partly  potass,  but 
chiefly  soda ;  and  in  adularia  chiefly  potass,  though  a  small 
amount  of  soda  is  also  present. 

Thus  we  have  in  the  felspar  family  three  several  gradations 
in  the  proportion  which  the  silica  bears  to  the  alumina  com- 
bined with  it,  namely,  one,  two,  and  three  atoms  to  one  of 
base,  as  may  be  seen  by  the  following  table,  for  which  I  am 
indebted  to  Abich. 
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Tabular  View  of  the  Chemical  Constitution,  Specific  Gravity, 
ifc,  of  the  Mineral  Species  comprehended  tn  the  Felspar 
Family, 
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The  minute  quantitiea  of  the  pnoxides  of  iron  and  of  manganese,  of 
titanic  acid  and  of  magnesia,  are  not  stated. 

N.B.  The  fint  seven  species  belong  to  the  tin  unrf  einglitdrigtt  Kryttall- 
K/Mfan  of  Weiss,  or  the  anorlholt/pe  one  of  Mobs,  the  axes  of  crystal- 
lization being  unequal,  and  nut  mutually  related  i  whereas  the  last  five 
species  belong  to  the  itoet  uad  eingtiedrigti  System  of  the  former,  and  the 
htmiorlholifpe  of  the  latter,  two  of  the  unequal  axes  bearing  a  certain  reta- 
tioD  to  each  other,  so  as  to  constitute  a  pair. 

It  is  observable  that  in  these  iostancea,  as  welt  as  in  most 
others,  in  which  the  products  of  igneous  action  are  con- 
ceraed,  the  specific  gravity  of  the  mineral  is  inversely  as  the 
amount  of  silica,  and  directly  as  that  of  the  other  bases,  so 
that  a  near  approximation  may  he  oflen  obtained  to  their 
chemical  composition  by  merely  ascertaining  their  weight. 

This  accordingly  is  the  method  proposed  by  Abich,  in 
order  that  we  may  appreciate  the  real  minerological  composi- 
tion of  a  rock,  in  which  the  component  parts  arc  so  blended 
together  that  it  is  impossible  to  separate  one  from  the  other 
for  the  purpose  of  examination. 

In  such  cases,  supposing  iron  and  other  of  the  heavier 
metals  not  to  be  present  in  quantity  sufficient  tn  affect  the 
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result,  the  specific  gravity  will  often  give  the  proportion  of 
silica^  and  from  the  proportion  of  silica  the  nature  of  the 
felspathic  mineral  present  may  be  in  general  estimated  with 
sufficient  precision^. 

Now  it  is  important  to  observe,  that  the  kinds  of  felspar 
commonly  found  in  granite  are  those  which  contain  the  largest 
proportion  .of  silica,  namely,  either  orthoclase,  adularia,  or 
albite.  Where,  as  is  often  the  case,  orthoclase  and  albite  are 
both  present,  the  basis  is  generally  composed  of  the  latter, 
whilst  the  imbedded  crystals  consist  of  the  former. 

Such  is  the  case  at  Carlsbad,  and  this  fact  affords  perhaps 
the  true  solution  of  a  question  whidh  I  started  in  my  Report 
on  Mineral  Waters  (British  Association  Reports,  vol.  v*  1836, 
p.  24),  namely,  why  this  and  other  thermal  springs  which 
issue  from  granitic  chains,  hold  in  solution  carbonate  of  soda, 
but  not  carbonate  of  potass,  the  greater  compactness  of  the 
crystals  interfering  with  their  solubility. 

Now«  by  considering  the  nature  of  its  felspathic  material, 
it  being  one  of  those  varieties  of  that  mineral  in  which  the 
silica  is  in  the  proportion  of  three  atoms  to  only  one  of  base, 
we  may  see  the  reason  why  in  granite  a  certain  proportion  of 
quartz,  or  uncombined  silica,  is  almost  universally  present. 

Its  amount  in  fact  represents  the  excess  of  silica  existing 
in  the  rock  over  and  above  that  which  could  combine  with 
the  alumina,  and  hence  it  implies,  that  at  the  time  and  at 

*  Thus,  per  cent. 

Trachytic  porphyry  having  asp.  gr.  of  2*5783  contains  of  silex  69*46 

Trachyte 2-6821  „  65*85 

Domite 26334  „  6550 

tClinkstone 2*6770  „  67-66 

Andesite 2*7032  ,,  64*45 

fGlassy  Andesite 2*5851  „  66*55 

Trachyte-dolerite 2*7812  „  57*66 

Dolerite 2*8613  „  53*09 

The  only  exceptions  being  clinkstone  and  glassy  andesite  marked  f,  the 
former  having  the  same  composition  as  trachyte-dolerite,  but  an  inferior 
specific  gravity ;  the  latter  corresponding  nearly  with  clinkstone  in  both 
these  particulars.  It  is  to  be  remarked,  however,  that  clinkstone,  although 
chemically  resembling  trachyte  dolerite,  has  a  different  mineral  composi- 
tion, for  it  appears  to  be  a  mixture  of  a  zeolitic  mineral  with  glassy  febpar. 
Probably  the  same  may  apply  to  glassy  andesite. 
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the  place  where  the  granite  was  formed^  there  was  not  a  suffi- 
cient quantity  present  of  the  several  bases  to  combine  with 
the  whole  of  the  silicic  acid. 

And  if  we  examine  the  composition  of  the  various  rocks 
which  have  been  produced  by  the  operation  of  volcanic  forces 
in  ancient  and  in  modern  times,  we  shall  be  able  to  trace  a 
gradual  scale  of  diminution  in  the  proportion  of  silica  and  a 
corresponding  increase  in  that  of  the  bases  present. 

The  first  great  division  of  them  is  comprehended  under 
the  name  of  Trachyte,  a  generic  term  for  a  class  of  rocks  of 
igneous  formation,  characterized  mineralogically  by  their  harsh 
and  gritty  feel,  together  with  the  frequent  presence  of  crystals 
of  glassy  felspar,  and  chemically  as  being  trisilicates,  with  or 
without  an  excess  of  silica. 

They  are  divided  by  Abich,  who  follows,  in  a  great  degree, 
the  classification  of  Beudant,  into— 

1.  Trachytic  porphyry,  in  which  quartz  is  present,  but 
neither  hornblende,  augite,  nor  titaniferous  iron  appears.  It 
is  found  not  only  in  Hungary,  but  also  in  the  Ponza,  and  in 
some  of  the  Lipari  islands. 

2.  Trachyte  properly  so  called,  in  which  no  quartz  occurs, 
but  which  contains  crystals  of  hornblende  and  even  of  augitCi 
together  with  mica. 

3.  Andesite,  the  trachytic  rock  of  the  Andes,  described  by 
Abich  as  being  of  various  degrees  of  compactness  and  consist- 
ency,  possessing  a  coarse  conchoidal  fracture,  and  containing 
a  large  number  of  small  white  crystals,  resembling  albite,  in 
a  crystalline  base  of  a  darkish  colour.  Small  crystals  of  glassy 
felspar  occur,  though  rarely,  in  this  variety  of  trachyte,  but 
those  of  hornblende  are  very  common,  and  augite  is  also  pre- 
sent.  It  sometimes  passes,  through  the  predominance  of 
hornblende,  into  greenstone  or  diorite. 

Thus  the  rock  composing  the  summit  of  Chimbora9o,  which 
has  a  basis  resembling  pitchstone,  and  which  is  destitute 
of  hornblende,  though  rich  in  augite,  is  called  by  Von  Buch 
an  andesite.  Antisana  also,  and  Cotopaxi  are  said  to  consist 
of  the  same,  and  it  is  probable  that  this  rock,  in  connection 
with  trachyte  properly  so  called,  constitutes  the  greater  part 
of  those  volcanic  mountains  in  South  America  which  are 
destitute  of  craters. 
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4.  Obsidian  and  pumice^  which  arc  so  connected,  both 
physically  and  mineralogically,  that  they  must  be  placed 
under  the  same  head,  and  regarded  merely  as  expressions  for 
two  different  conditions  which  the  same  original  material  has 
been  made  to  assume  by  the  agency  of  volcanic  forces. 
Both  indeed  have  been  regarded  rather  as  particular  states 
which  many  different  minerals  are  capable  of  assuming,  than 
as  distinct  species;  but  it  is  to  be  remarked,  that  simple 
silicates  and  bisilicates  of  alumina  are  incapable  of  assuming 
either  a  vitreous  condition  such  as  that  of  obsidian,  or  those 
cellular  and  filamentous  forms  which  we  observe  in  the  dif- 
ferent varieties  of  pumice. 

It  is  necessary  therefore  that  the  rock  should  be  rich  in 
silica,  or  be  a  trisilicate ;  and  hence,  if  with  Abich  we  divide 
pumices  into  two  groups,  namely  into  cellular  and  filamentous, 
the  former  being  dark  green,  poorer  in  silica,  and  richer  in 
alumina — the  latter  white,  and  containing  more  silica,  we 
shall  find  that  the  former  is  derived  from  clinkstone,  trachyte, 
and  andesite,  and  the  latter  from  trachytic  porphyry. 

5.  Pearlstone,  a  rock  frequent  in  Hungary,  and  character- 
ized by  the  presence  of  crystallites,  or  little  globular  concre- 
tions more  or  less  vitreous,  and  generally  scaly,  with  a  pearly 
lustre  arising  from  the  commencement  of  a  kind  of  crystalliza- 
tion in  the  mass ;  or  where  this  is  wanting,  passing  either  into 
a  stony  condition,  or  into  a  semivitreous  one  corresponding 
with  that  of  pitchstone,  with  which  latter  mineral  it  seems  to 
be  nearly  allied. 

6.  Trachytic  tuff,  the  principal  rock  covering  the  Phlegrean 
fields,  the  analysis  of  which  proves  that,  like  pumice,  it  is  only 
a  metamorphosed  condition  of  trachyte.  Thus  tuff,  pumice, 
and  obsidian  are  all  modifications  of  the  same  volcanic  basis ; 
and  the  two  former  contain  water  chemically  combined: 
namely,  yellow  tuff,  three  atoms ;  white  tuff,  two  atoms ; 
pumice,  one. 

Now  lava,  although  commonly  accompanied  at  the  time  of 
its  eruption  by  abundance  of  steam,  and  containing,  even  for 
several  months  afterwards*,  entangled  within  it,  a  large  quan- 
tity of  this  and  other  volatile  matters,  holds  no  water  in  che- 

♦  See  my  Memoir  on  the  Eruption  of  1834,  in  Phil.  Trans,  for  1835. 
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mical  combination,  so  that  the  fact  stated  with  respect  to  tuff 
and  pumice  shows,  that  these  formations  have  been  placed 
under  circumstances  of  another  kind  from  those  of  modem 
lavas. 

We  must  therefore  regard  the  two  former  as  caused  by 
water  operating  in  a  different  manner  from  the  steam  which 
accompanies  a  flow  of  lava,  inasmuch  as  the  latter  never  con- 
tains any  of  this  principle  in  a  state  of  actual  combination. 

All  these  varieties  then  of  volcanic  products,  which  Abich 
has  classed  under  the  general  name  of  Trachyte,  approximate 
to  granite  in  the  circumstance  of  containing  a  trisilicate  of 
alumina  or  of  some  corresponding  base,  and  hence  may  be 
supposed  to  be  more  immediately  derived  from  the  latter 
rock,  than  other  igneous  formations  are.  Nevertheless  in  one 
variety  of  it,  namely  in  the  species  distinguished  by  Beudant 
as  trachytic  porphyry,  quartz  is  present,  and  accordingly  this 
modification  would  seem  to  present  the  nearest  approximation 
to  granite,  the  chief  difference  indeed  between  the  two  being 
the  partial  substitution  of  glassy  felspar  for  orthoclase,  mine- 
rals of  analogous  constitution,  though  possessing  different 
external  characters,  and  with  different  relative  proportions  of 
the  two  alkalies  present  in  them. 

In  trachytes,  properly  so  called,  there  would  appear  to  have 
been  such  an  accession  of  alkali  and  of  earths,  that  the  whole 
of  the  silica  entered  into  combination,  for  which  reason  no 
quartz  exists  in  the  rock. 

But  when  we  proceed  to  the  lava-currents  which  have  been 
emitted  from  actual  volcanos,  or  to  the  analogous  trap  for- 
mations which  are  regarded  as  the  effects  of  submarine  erup- 
tions, we  find  a  still  further  diminution  in  the  proportion  of 
silica,  indicated  by  the  substitution  of  labradorite  for  ortho- 
clase, or,  in  other  words,  of  one  atom  of  silica  instead  of 
three,  coupled  with  the  presence  of  hornblende  oraugite*^  in 


••• 


*  Hornblende  U  R  Si  +  R'  Si^  where  R  is  generally  lime,  but  some- 
times protoxide  of  iron  or  soda ;  and  R'  is  generally  magnesia,  but  some- 
times protoxide  of  iron.  In  some  hornblendes  the  silica  seems  to  be  par- 
tially replaced  by  alumina. — Bonadorff,  Augite  is  R'  Si',  where  R  is 
either  lime,  magnesia,  protoxide  of  iron,  or  protoxide  of  magnesia.  The 
silica  is  sometimes  replaced  by  alumina,  as  is  the  case  also  in  hornblende. 
See  Rammelsberg'i  Dictumary  qf  Mineralogy,  Berlin,  1841. 
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both  which  minerals  the  silica  bears  a  still  smaller  proportion 
to  the  base  with  which  it  is  combined. 

In  these  last  minerals  two  new  elements  also  make  their 
appearance,  which  are  seldom  or  never  present  in  granite 
or  in  trachyte,  except  in  small  quantities^— I  mean  lime  and 
magnesia ;  thus  evincing  already  a  change  either  in  the  nature 
of  the  igneous  operations,  or  in  the  materials  upon  which 
they  were  exerted. 

Accordingly  the  modern  lavas  of  Mount  Etna  have  been 
determined  by  Rose  *  to  consist  of  an  intimate  mixture  of 
labradorite  and  of  augite,  and  a  lava  which  had  recently 
flowed  from  Stromboli  was  ascertained  by  Abich  to  possess 
the  same  composition. 

Augite  rock,  or  dolerite,  is  composed  of  nearly  the  same 
materials,  its  compactness  being  merely  the  effect  of  the 
greater  pressure  to  whicli  it  was  subjected  during  the  act  of 
cooling. 

.  Abich,  however,  has  found  it  necessary  to  distinguish  a 
class  of  formations  intermediate  between  trachytes  and  dole-* 
rites,  which  he  denominates  trachyte-dolerite.  To  this  he 
refers  the  rocks  which  encircle  the  peak  of  Teneriffe,  those 
of  one  of  the  volcanos  in  Kamtschatka,  the  constituents  of 
the  little  cluster  of  islands  between  Lipari  and  Stromboli  de- 
scribed by  Hoffmann,  and  above  all  the  material  which  con- 
stitutes  the  Monte  della  Croce,  the  central  cone  of  Rocoa 
Monfina,  an  extinct  voJeano  in  the  Neapolitan  territory. 
Abich  considers  the  felspar  present  in  this  rock  to  be  oligo- 
clase,  which  by  reference  to  the  table  will  be  found  to  be  a 
bisilicate,  and  the  many  green  specks  of  augite  which  per- 
vade it  indicate  a  further  change  in  the  composition  of  the 
mass,  and  a  nearer  approach  to  dolerite.  With  this  latter 
material,  which,  as  we  have  9een,  in  general  implies  a  com- 
pound of  augite  with  one  of  those  species  of  felspar  which 
are  poorest  in  silica,  the  rock  called  basalt  must  not  be  con- 
founded; as  in  it  we  may  recognise  a  still  further  step  in 
the  elaboration  of  the  constituents,  this  substance  being  com- 
posed of  an  intimate  mixture  of  augite  and  magnetic  iron 
with  a  mineral  of  the  zeolitic  family.  The  composition  of 
the  latter  is  such  as  to  imply  that  it  may  have  been  formed 

•  Phil.  Journ.  vol.  xxiv.  1S38. 
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out  of  labradorite  by  the  addition  of  water,  the  presence  of 
which  in  all  zeolites  is  the  cause  of  that  bubbling-up  under 
the  blowpipe,  which  has  occasioned  them  to  be  distinguished 
bj  that  general  appellation. 

We  perceive  a  similar  change  in  the  rock  called  clinkstone, 
wMch  has  been  shown  by  Omelin  to  be  an  intimate  mixture 
of  glassy  felspar  with  a  zeoUte,  so  that  it  seems  to  bear  the 
same  relation  to  trachyte  which  basalt  does  to  dolerite. 

In  proceeding  then  onwards  towards  the  more  modem 
groups  of  volcanic  formations,  we  find  new  ingredients  suc- 
cessively conung  into  play ;  first  the  alkalies  increasing,  then 
lime  and  magnesia  becoming  part  of  the  constitution  of  the 
mineral  maiss,  and  lastly,  water  entering  into  combination 
with  the  earthy  materials. 

The  gradual  increase  of  soda  is  likewise  a  remarkable  cir- 
cumstance, modem  lavas  appearing  to  contain  a  much  larger 
quantity  of  it  than  the  volcanic  products  of  ancient  periods, 
and  various  minerals  being  hence  produced  in  which  this 
alkali  is  predominant 'I'. 

From  the  above  considerations  it  would  seem  to  follow, 
that  volcanic  products  are  referable,  for  the  most  part,  to  one 
of  two  divisions* 

The  first  will  include  those  which  consist  principally  of 
one  or  other  of  those  species  of  felspar  that  have  been  above 
described,  in  which  the  bases  exist  either  as  bisilicates  or  as 
trisilicates.  Such  products  are  placed,  in  general  language, 
under  the  head  of  Trachytes,  although,  when  we  wish  to 
specify  their  exact  constitution,  we  denote  them  as  andesite, 
domite,  trachytic  porphyry,  pearlstone,  and  the  like. 

The  secoud  great  division  comprehends  those  rocks  in 
which  the  felspathic  ingredient  has  either  itself  undergone 
some  further  change  by  the  action  of  heat,  as  in  basalt,  where 
a  zeolitic  mineral  is  substituted,  chiefly,  as  it  would  seem, 
by  the  superaddition  of  water  to  the  pre-existing  elements ; 
or  where,  though  the  felspar  remains,  yet  it  is  so  intermixed 
with  other  minerals,  that  the  external  characters  of  the  re- 
sulting rock  are  altogether  changed.  The  mineral  most  abun- 
dant in  this  class  of  products  is  augite ;  hornblende  being  also 

^  At  natrolite^  nepheline,  thomsonite,  &c. 
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foundj  but  being  less  abundant  than  in  granitic  rocks  where 
augite  is  rare. 

The  term  greenstone  is  often  applied  indiscriminately  to 
rocks  composed  of  an  intermixture  of  felspar  with  either  of 
the  above  two  minerals^  but  in  strictness  it  should  be  re- 
garded as  synonymous  with  the  diorite  of  Brongniart,  which 
is  made  up  of  felspar  and  hornblende. 

Rose^  however,  is  of  opinion  that  augite  and  hornblende 
are  isomeric  bodies,  the  crystalline  form  being  in  their  case 
determined  by  the  more  or  less  rapid  cooling  which  the  in- 
gredients underwent,  so  that  the  presence  of  the  one  or  the 
other  seems  to  depend  more  upon  the  conditions  under  which 
fusion  took  place,  than  upon  any  diversity  of  original  com- 
position. It  is  evident  that  in  proportion  as  augite  and  other 
associated  minerals  predominate,  the  mass  will  assume  various 
shades  of  colour  from  grey  to  black.  Mr.  Scrope  accordingly 
has  proposed  the  term  greystone  to  indicate  the  generality  of 
modem  lavas ;  but  inasmuch  as  lavas  are  of  various  shades 
of  colour,  the  name  is  not  constantly  applicable  to  their  ex- 
ternal aspect ;  and  seeing  that  different  felspathic  materials 
characterise  the  lavas  from  different  localities,  little  seems 
gained  in  point  of  precision  by  adopting  it.  Where  there- 
fore the  use  of  the  ordinary  term  lava  might  lead  to  mistake 
on  account  of  the  double  sense  in  which  it  is  employed,  re- 
ferring, as  it  does,  to  the  mineralogical  characters  of  the  mass, 
as  well  as  to  the  manner  of  its  emission  from  the  interior  of 
the  earth,  that  of  tephrine^  proposed  by  Brongniart,  would 
seem  preferable. 

There  are  a  few  other  minerals  of  such  common  occur- 
rence in  volcanic  or  in  trappean  rocks,  that  they  deserve 
to  be  pointed  out,  and  that  at  as  early  a  period  as  possible. 
One  of  these  is  olivine^  a  beautiful  olive-green  substance, 
found  sometimes  disseminated,  and  sometimes  in  nests,  in  the 
compacter  kinds  of  volcanic  products.  It  seems  to  result 
from  a  predominance  of  magnesia  in  the  rock,  for  its  compo- 
sition is  in  general  Mg^  -f  Si*. 

Another,  which,  where  it  is  found  as  a  constituent  of  lava, 
occurs  abundantly,  is  leucite,  distinguished  by  its  ash-grey 
colour  and  regular  dodecahedral  crystals.    These  are  often  so 


OTHER  PRODUCTS  OF  IGNEOUS  ACTION.  21 

abundantly  disseminated^  as  to  give  to  the  rock  containing 
it  the  characters  of  a  porphyry^  so  that  the  term  leucitic 
porphyry  is  used  to  designate  this  particular  kind  of  volcanic 
product,  the  presence  of  which  seems  to  be  connected  with  an 
excess  of  potass  in  the  rock,  its  probable  composition  being 

k«Si«+3  AlSi«. 

Another  mineral  which  characterises  many  trap  rocks  is 
hypersthency  which  according  to  Rose  is  a  species  of  augite 
in  which  magnesia  is  generally  abundant. 

These  however  and  others  will  be  better  treated  of  when 
we  consider  the  localities  in  which  they  abound ;  and  I  shall 
now  proceed  to  a  description  of  the  several  districts  in  which 
manifestations  of  igneous  action  most  remarkably  occur,  be- 
ginning with  those  in  Central  France,  as  being  amongst  the 
best  known,  in  consequence  of  their  easy  accessibility  from 
all  parts  of  Europe,  as  well  as  the  most  instructive,  from  the 
varied  character  of  the  appearances  which  they  exhibit. 
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CHAPTER  III. 

ON  THE  VOLCANOS  OF  FRANCE. 

Central  France. — In  Auvergne  two  classes^  ancient  and  modern^  distin- 
guished— their  characters.— A  few  of  them  particularized^  viz.  Volvic 
— Puy  de  Cdme — Lake  Aidat — Puy  Pariou — Puy  Graveneire.— Anti- 
quity of  the  most  modern  of  these  considered. — Passage  in  Sidonius 
Apollinaris  discussed. — ^Trachytic  cones  near  Clermont — their  forma- 
tion considered. — ^Ancient  volcanic  rocks  near  Clermont — instances  of 
those  of  an  intermediate  age. — Lava  of  Chaluzet — Montaudoux — 
Gergovia — Puy  Charade — Puy  Marman. — ^Tufaceous  knolls  near  Cler- 
mont.—Volcanic  rocks  of  Mont  Dor — ^their  general  character.— 
Basaltic  and  Trachytic  formations  considered. — ^Alum-rock  of  Mont 
Dor. — ^Age  of  the  volcanic  rocks  in  that  district,  and  the  probable  mode 
in  which  they  have  been  brought  into  their  present  position. — ^Volcanic 
rocks  of  Cantal — its  Trachyte — Basalt — Clinkstone — its  age  and  the 
mode  of  its  formation. — Volcanic  rocks  near  Puy  en  Velay — their  anti- 
quity—those in  the  Haut  Vivarais  ancient — in  the  Bas  Vivarais  modem. 
— Instances  of  modem  Lavas — ^Aizat — Montpezat — question  as  to  their 
eruptions  having  occurred  within  the  historical  period. — Volcanic  rocks 
in  the  south  of  France— that  of  Beaulieu  near  Aix. — St.  Loup  near 
Agde. 

The  volcanic  district,  to  which  my  attention  was  originally 
directed^  in  the  hope  of  obtaining  some  additional  insight 
mto  the  nature  and  origin  of  basalt^  was  that  which  occu- 
pies a  considerable  tract  in  the  centre  of  France,  known 
under  the  general  term  of  Auvergne.  This,  and  some  other 
parts  of  the  same  country,  also  of  a  volcanic  nature,  were 
visited  by  me  in  the  year  1819,  and  some  of  the  results  of 
my  observations  were  inserted  in  the  Edinburgh  Journal  of 
Science  for  the  ensuing  year.  In  the  course  of  the  summer 
of  1823,  I  also  spent  a  few  days  in  the  same  region,  and 
cleared  up  two  or  three  points  which  on  my  former  visit 
had  been  left  undecided. 

In  the  Letters  to  Professor  Jameson  above  referred  to, 
I  distinguished  these  rocks  into  two  classes — ^the  one  formed 
before,  the  latter  since  the  valleys  of  the  country  were  exca- 
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rated ;  and  in  order  to  keep  constantly  in  view  a  distinction 
which  I  then  considered^  as  I  still  deem  it^  of  importance, 
proposed  to  apply  the  term  ante-diluvial  to  the  one^  and  post- 
diluvial  to  the  other. 

This  nomenclature  appeared  to  me  at  the  time  convenient, 
although  I  even  then  disclaimed  all  intention  of  identifying 
the  cause  to  which  the  excavation  of  vaUeys,  and  the  forma- 
tion of  beds  of  gravel,  were  to  be  referred,  with  the  Deluge 
recorded  in  the  Mosaic  history. 

I  regarded  the  terms  as  admissible,  although  employed 
with  the  same  sort  of  mental  reservation  with  which  many 
geologists  had  been  in  the  habit  of  using  the  corresponding 
ones  of  diluvial  deposits,  diluvial  gravel,  &c. — namely,  as 
expressive  merely  of  their  belief  that  they  were  produced 
during,  or  in  consequence  of,  certain  transient  and  violent 
convulsions,  rather  than  by  the  continual  operation  of  rains 
and  torrents,  acting  with  their  present  force  and  intensity. 
And  I  made  choice  of  the  terms  ante-  and  post'^diluvial  as 
serving  to  distinguish  the  relative  antiquity  of  the  rocks  so 
classified  with  somewhat  greater  precision  than  those  of 
ancient  and  modem  which  others  had  adopted,  inasmuch  as 
they  referred  to  a  definite  standard,  which  left  no  doubt  in 
tbe  mind  as  to  the  sense  in  which  we  employed  the  word 
antiquity  in  our  geological  language. 

Without  some  such  understanding  indeed,  the  volcanic 
rocks  near  Clermont  might  be  called  ancient  with  reference  to 
those  of  the  Yivarais,  though  they  are  modem  when  compared 
with  others  in  their  own  neighbourhood;  whilst  in  either 
point  of  view  they  must  be  regarded  as  post-diluvial,  since 
their  relation  to  the  valleys  of  the  country  is  such  as  to  prove 
that  no  great  changes  have  taken  place  in  the  configuration 
of  the  surface  since  they  were  ejected. 

For  these  reasons  I  felt  reluctant  to  abandon  my  original 
nomenclature,  even  after  I  had  become  so  far  a  convert  to 
the  views  of  Mr.  Scrope,  and  Messrs.  Lyell  and  Murchison, 
as  to  admit  that  there  was  in  reality  no  marked  line  of  di- 
stinction laid  down  by  nature  between  these  two  classes  of 
volcanic  rocks 'i',  but  that  there  were  lava-currents  in  Au- 

*  See  article  Gsoloot  in  the  Encyclop.  Metrop. 
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vergne  which  appeared  to  be  antecedent  to  some  of  the  val- 
leys of  the  country,  and  posterior  to  others. 

Now  however  that  the  term  diluvial  seems  tacitly  given  up 
even  by  those  who  still  stand  out  for  the  theory  of  paroxysmal 
eruptions,  it  is  not  for  me  to  stickle  for  the  continued  use  of 
a  nomenclature,  which  under  such  circumstances  might  lead 
to  misconception ;  and  I  shall  therefore  adopt  the  terms  an- 
cient and  modem,  as  distinguishing  volcanic  products  cut 
through  by  the  principal  existing  valleys,  from  those  which 
follow  their  actual  slope,  conceiving,  from  my  recollections 
of  the  country,  as  well  as  from  the  admissions  of  others,  that 
whatever  opinion  may  be  entertained  as  to  these  two  kinds — 
however  probable  it  may  appear,  that  the  oldest  as  well  as 
the  most  recent  have  been  acted  upon  in  the  same  manner, 
still,  that  in  the  great  majority  of  cases,  the  vast  difference 
in  degree,  or  the  longer  duration  of  the  process  in  the  one 
instance  than  in  the  other,  constitutes  in  practice  a  sufficient 
ground  of  demarcation. 

Modem  Volcanic  Rocks. 

Now  the  importance  of  distinguishing  the  relative  ages 
of  these  volcanic  rocks,  in  the  manner  above  proposed,  will 
be  evident  from  considering  that  the  two  classes  differ  one 
from  the  other  in  aspect  and  structure  as  well  as  in  position. 

The  modem  ones  in  Auvergne  are  more  cellular,  and  have 
in  general  a  harsher  feel,  with  more  of  a  vitreous  aspect, 
their  surface  presenting  a  series  of  minute  elevations  and  de- 
pressions, and  the  scanty  portion  of  soil  which  covers  them 
affording  but  little  pasturage,  and  that  generally  of  the  worst 
description. 

The  mountains  referred  to  this  division  constitute  a  chain 
which  rises  considerably  above  the  elevated  granitic  platform 
on  which  they  rest,  and  extends  at  intervals  over  a  space 
of  above  eight  leagues  from  north  to  south ;  from  whence 
the  rocks  which  compose  them  may  often  be  traced  a  con- 
siderable way  into  the  valleys  contiguous.  Above  sixty  of 
these  eminences  might,  I  believe,  be  enumerated  within  the 
boundary  marked  out ;  but  as  their  number  renders  selection 
necessary,  I  shall  simply  notice  such  as  are  most  remarkable, 
beginning  with  that  of  Volvic  near  Riom,  the  lava  of  which 


MODSIIN  VOLCANIC  ROCKS.  25 

furnishes  a  considerable  part  of  the  building-stone  used  in 
that  neighbourhood^  and  in  spite  of  its  porous  character,  is 
exceedingly  durable. 

The  fact  of  its  having  descended  in  a  liquid  form  from  the 
mountain  above,  and  that  at  a  period  subsequent  to  all  the 
great  revolutions  which  have  changed  this  portion  of  the  face 
of  our  planet,  is  demonstrated  by  the  exactness  with  which 
the  stream  has  modelled  its  course  to  the  slope  of  the  valley ; 
and  that  its  fluidity  was  owing  to  heat,  is  evident  enough 
from  its  porous  texture  and  semi-vitreous  aspect;  so  that  its 
connection  with  volcanos  now  in  activity  seems  sufficiently 
apparent.  On  the  summit  of  the  Puy  de  Nugere  is  a  bason- 
shaped  cavity  of  an  oblong  form,  broken  away  on  the  side 
down  which  the  lava  has  taken  its  course,  and,  notwithstand- 
ing the  changes  which  time  has  effected  in  its  form,  still 
retaining  marks  of  having  been  once  the  crater  from  whence 
the  lava  of  Volvic  was  ejected. 

It  is  interesting  to  remark,  that  the  stream  in  its  descent 
appears  to  have  been  arrested  by  a  sort  of  knoll  of  granite, 
which  probably  rose  considerably  above  the  general  level, 
and  by  the  obstacle  it  opposed  to  its  progress,  caused  it  to 
divide  into  two  branches,  between  which  this  little  granitic 
eminence  is  seen  protruding, — a  solitary  vestige  of  the  rock 
which  formerly  existed  on  the  surface,  but  which  is  now  over- 
spread with  lava.  The  two  branches  of  the  main  stream 
appear  to  have  become  re-united  below,  and  having  descended 
the  slope  of  the  hill,  to  have  spread  themselves  over  the  valley 
of  Volvic,  extending  to  within  a  mile  of  the  town  of  Riom. 

It  has  been  remarked  by  Von  Buch,  that  the  lava  of  Volvic 
seems  chiefly  to  have  consisted  of  felspar,  and  to  have  re- 
sulted from  the  fusion  of  some  tracbytic  rock ;  and  it  is  cer- 
tain that  it  is  lighter  in  colour  than  most  other  lavas,  and  that 
it  does  not  contain  augite.  It  is  also  distinguished  by  exerting 
no  action  upon  the  needle,  containing  little  or  no  magnetic 
iron  ore ;  but,  on  the  other  hand,  it  is  quite  full  of  specular 
irouj  which  occurs  in  the  crevices  of  the  rock,  as  well  as  dis- 
seminated through  its  porous  structure  in  minute  plates  of 
a  bright  metallic  lustre.  This  mineral,  which  is  a  common 
product  of  volcanos  now  in  activity,  from  which  it  is  supposed 
to  have  been  sublimed,  is  met  with  in  various  other  parts  of 
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Auvei^ne^  as  at  the  Puy  de  la  Vache,  the  Pay  de  I)6me,  and 
among  the  trachytes  of  Mont  Dor. 

Still  more  interesting,  from  the  changes  it  has  produced  in 
the  configuration  of  the  country,  is  the  lava  of  the  Puy  de 
Cdme,  a  mountain  a  few  miles  to  the  south-west  of  Clermontj 
originally  described  by  the  Comte  de  Montlosier,  the  well-* 
known  author  of  an  ingenious  Essay  on  the  Theory  of  the 
Volcanos  of  Auvergne,  published  quite  at  the  commencement 
of  the  present  century. 

The  lava  that  has  flowed  from  the  hill  above-mentioned, 
divides,  he  says,  into  two  branches,  one  of  which  flows 
directly  into  the  bed  of  the  river  Sioule,  whilst  the  other 
takes  the  direction  of  a  place  called  Tournebise,  reaches  the 
village  of  Pont  Gibaud,  and  terminates  like  the  other,  by  flow- 
ing into  the  bed  of  the  river,  about  three  miles  lower  down. 

A  torrent  of  this  description  might  naturally  be  expected 
to  effect  singular  changes  in  the  face  of  the  country  which  it 
traverses.  Accordingly  we  shall  find  that  it  has  blocked  up 
a  little  valley  which  formerly  seems  to  have  had  a  drainage 
to  the  west,  on  the  side  of  Chambois  and  Masayes,  and  has 
converted  it  into  a  sort  of  swamp,  known  by  the  name  of  the 
Lac  de  Cdme. 

Lower  down,  the  same  lava  has  occasioned  still  greater 
changes.  The  rivers  Sioule  and  Monges  formerly  ran  parallel, 
in  a  direction  from  south  to  north,  and  entered  the  plain  of 
Pont  Gibaud  by  two  defiles,  separated  by  the  intervention 
of  a  line  of  hills.  But  one  branch  of  the  lava  of  Cdme  has 
so  obstructed  the  course  of  the  river  Sioule,  that  its  waters 
have  been  turned  aside  to  the  left,  where  they  have  worked 
themselves  a  passage  through  an  argillaceous  hill,  made 
enormous  excavations  in  it,  and  in  this  manner  have  reached 
the  bed  of  the  river  Monges,  a  league  and  a  half  higher  up 
than  they  would  naturally  have  done. 

Compelled  however  to  flow  in  a  direction  contrary  to  the 
slope  of  the  country,  a  large  portion  of  the  waters  constantly 
stagnates  in  its  channel,  and  has  formed  a  swamp  which 
goes  by  the  name  of  the  *  Etang  de  Fung  V  whilst  a  portion 

*  This  is  very  well  laid  down  in  Desmarest's  Map  of  Auvergne.   Paris, 
1823. 
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only  of  the  stream  continues  to  flow  onwards  by  its  original 
outlet. 

Now  the  changes  here  brought  about  in  the  physical  con- 
dition of  the  country  through  the  agency  of  lava-streams^ 
which,  according  to  the  definition  I  have  above  given,  would 
be  regarded  as  modem,  afibrd  some  of  the  most  instructive 
lessons  that  can  be  set  before  us,  how  impracticable  is  the 
attempt  to  tie  down  the  operations  of  nature  within  the  hard 
lines  of  our  artificial  classifications. 

We  see  presented  to  us  in  this  locality  instances  of  a  lava 
which  proceeded  from  a  volcano  of  apparently  modem  date, 
its  crater  being  still  entire,  and  its  course  being  through  a 
valley  antecedently  filled  up,  at  least  in  part,  with  alluvial 
matter  *. 

Nevertheless  this  current,  by  obstructing  the  course  of 
a  stream,  has  caused  the  latter  to  work  its  way  subsequently 
through  a  mass  of  alluvium  no  less  than  140  feet  in  thick- 
ness, and  even  through  twelve  feet  of  the  subjacent  gneiss, 
thus  forming  a  sinuous  valley  of  about  two  miles  and  a  half 
in  length. 

Moreover,  the  river  Sioule  has  in  another  place  cut  for 
itself  a  channel  through  the  obstructing  bed  of  lava,  which 
consequently  exhibits  a  perpendicular  escarpment  near  the 
town  of  Pont  Oibaud  nearly  fifty  feet  in  depth. 

Such  facts  as  these  have  been  seized  upon  as  proofs,  that 
vaUey.  in  general  may  be  produced  by  existing  rivers,  and 
that  there  is  consequently  no  natural  line  of  distinction  be- 
tween post'dUurial  and  ante-dUuvial  volcanos. 

Many  geologists  however  are  still  doubtful  as  to  the  forces 
which  would  be  competent  to  excavate  the  so-called  valleys  of 
denudation  to  which  reference  is  here  made ;  and  even  those 
who  contend  for  an  identity  in  the  mode  of  operation  to 
which  the  ravine  in  which  the  river  actually  flows  and  the 
ancient  valleys  of  the  province  owe  their  existence,  must  of 
necessity  admit  a  vast  distinction  as  to  time ;  for  what  com- 
parison can  be  instituted  between  the  erosion  of  140  feet  of 
soft  alluvial  matter  together  with  12  feet  of  gneiss,  or  even 

*  See  a  Memoir  on  the  Excavation  of  Valleys,  as  illustrated  by  the 
Volcanic  Rocks  of  Central  France,  by  Mr.  Lyell  and  Sir  R.  Morchison^ 
Edinb,  Fliil.  Joomal,  April  1829. 
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that  of  50  feet  of  lava,  and  the  removal  of  such  vast  masses 
of  solid  matter  as  would  be  required  to  unite  the  correspond- 
ing flanks  of  the  hills  which  bound  the  valleys  into  which 
these  lava-currents  have  descended  ? 

It  must  be  remarked  too,  that  the  action  of  the  stream  lias 
been  in  these  instances  accelerated  by  the  soft  or  unstable 
character  of  the  subjacent  material.  When  this,  for  instance, 
was  an  alluvial  clay,  it  gave  way  readily  to  the  pressure  of 
the  accumulated  waters ;  and  when  the  basalt  rested  on  a  bed 
of  gravel,  the  stream  would  cause  the  fall  of  perpendicular 
masses  of  the  igneous  rock  at  frequent  intervals,  so  soon  as 
ever  it  had  worked  its  way  down  to  the  loose  materials  on 
which  the  latter  reposed. 

Without  entering,  however,  into  the  wide  question  relating 
to  the  cause  of  the  excavation  of  valleys,  which  would  carry 
me  far  beyond  the  limits  assigned  to  the  present  work,  I  do 
not  conceive  that  these  and  other  facts  of  the  same  kind,  of 
which  we  have  abundant  examples  in  Auvergne,  need  pre- 
sent any  practical  difficulty  to  the  adoption  of  that  nomen- 
clature which  has  been  above  proposed  with  the  view  of 
separating  the  volcanic  rocks  of  Auvergne  into  two  classes, 
although,  as  in  all  other  cases,  the  members  of  the  two 
series  may  graduate  one  into  the  other. 

A  somewhat  similar  circumstance  to  that  which  has  been 
above  noticed  with  respect  to  the  Etang  de  Fung  has  hap- 
pened in  the  case  of  the  lake  of  Aidat,  which  seems  likewise 
to  have  been  formed  originally  by  the  stream  of  lava  now 
stretching  across  it.  In  this  case,  however,  a  still  greater 
impediment  existing  to  the  escape  of  the  waters  by  any  other 
outlet,  they  have  in  process  of  time  succeeded  in  cutting 
themselves  channels  through  the  parapet  of  lava  thrown 
across  them,  the  projecting  portions  of  which  stand  forth 
like  islands  in  the  midst. 

The  stream  of  lava  that  has  occasioned  this  impediment 
appears  to  have  been  furnished  by  one  of  three  mountains, 
all  of  which  have  given  out  coulees  flowing  in  the  same  direc- 
tion, and  therefore  intermixed  one  with  the  other.  The  most 
considerable  of  these  mountains  is  called  the  Puy  de  la  Vache, 
the  whole  of  which  is  composed  of  scoriaceous  lava  very  dif- 
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ferent  from  that  of  Volvic^  as  it  contains  much  iron  in  the 
state  of  magnetic,  as  well  as  in  that  of  specular  iron  ore,  the 
oxidation  of  which  imparts  a  general  redness  to  the  rock, 
and  likewise  occasional  crystals  of  augite  and  olivine.  There 
would  seem  to  have  been  formerly  a  crater  on  the  summit, 
three  sides  of  which  are  now  standing,  whilst  the  fourth  was 
perhaps  broken  away  by  the  stream  of  lava  which  descended 
from  that  quarter.  The  couUe  is  easily  followed  with  the 
eye  along  the  valley  as  far  as  the  lake,  in  consequence  of  the 
irregularities  of  its  surface  and  the  ridge  which  it  forms  above 
the  level  plain. 

The  most  complete  crater,  however,  which  exists  in  Au- 
vergne  is  that  of  the  Puy  Pariou,  north  of  the  town  of  Cler- 
mont. It  is  perfectly  round,  and,  according  to  M.  Ramond, 
more  than  250  feet  in  depth.  Its  structure  is  simple  enough, 
as  it  consists  wholly  of  loose  masses  of  slaggy  lava,  sufficiently 
decomposed  to  allow  of  the  growth  of  turf,  so  that  cattle  are 
seen  tranquilly  grazing  within  the  very  spot  which  once  con- 
stituted the  vent  for  the  pent-up  energy  of  the  volcano.  It 
has  given  off  a  stream  of  lava  which  may  be  traced  southward 
to  the  place  called  "  Les  Barraques,''  where,  meeting  with  a 
projecting  knoll  of  granite  capped  with  ancient  lava,  it  divided 
into  two  branches  which  take  different  directions,  but  never- 
theless alike  descend  the  slope  of  the  granitic  hills  intervening 
between  that  spot  and  Clermont,  terminating  finally  near  the 
entrance  of  the  valley  in  which  that  city  is  situated. 

But  amongst  the  modem  volcanos  met  with  in  this  neigh- 
bourhood, there  is  probably  no  one  upon  the  whole  more 
interesting  than  the  Puy  Qraveneire.  This  mountain,  which 
lies  within  two  miles  of  Clermont,  seems,  as  we  approach  its 
summit,  to  consist  of  an  entire  mass  of  scoriform  and  highly 
cellular  lava,  so  that  we  may  in  some  degree  comprehend  the 
origin  of  a  ludicrous  opinion  ascribed  to  a  professor  of  the 
Academy  of  Clermont,  when  the  volcanic  nature  of  the  rocks 
of  Auvergne  was  first  asserted,  and  maintained  by  an  appeal 
to  the  structure  of  this  particular  mountain,  who,  it  is  said, 
accounted  for  the  scoriae  found  on  its  surface,  by  gravely  re- 
marking that  he  had  heard  of  iron-foundries  having  formerly 
been  established  on  the  spot.    Notwithstanding  such  strong 
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indication^  of  its  having  been  in  a  state  of  ignition  at  a  com- 
paratively recent  sera,  no  trace  of  its  crater  can  be  detected, 
nor  has  it  that  abrupt  and  conical  form  characteristic  of  vol- 
canic hills,  being  rather  a  long,  round-backed  eminence,  rising 
abruptly  indeed  on  two  of  its  sides,  but  to  the  north  con- 
nected with  the  chain  of  the  Puy  de  D6me,  and  to  the  south 
reaching  into  the  plain  of  Limagne.  In  spite  of  the  absence 
of  a  crater,  two  streams  of  lava  appear  to  have  pierced  the 
sides  of  this  mountain  through  a  bed  of  ancient  basalt,  which 
here  caps  the  granite  of  the  country.  They  have  thence  de- 
scended into  the  valley,  one  on  the  side  of  the  village  of 
Royat,  the  other  on  that  of  the  Puy  Montaudoux.  These 
couliea  display  a  singular  intermixture  of  compact  and  cellu- 
lar lava,  the  former  generally  occupying  the  centre,  and  sur- 
rounded by  the  latter  variety,  but  without  any  marked  lin^  of 
demarcation  between  the  two.  The  compact  rock  is  a  basalt, 
remarkable  for  its  large  distinct  crystals  of  augite  and  olivine ; 
and  its  being  seen  in  connection  with  a  lava  of  so  cellular  and 
vitreous  an  aspect  affords,  in  common  with  the  facts  I  shall 
detail  with  respect  to  the  German  volcanos,  a  sufficient  proof 
that  great  pressure  is  not  always  necessary  for  the  formation 
of  such  products. 

I  shall  not  stop  to  particularize  any  larger  numbier  of  the 
more  recent  class  of  volcanos,  as  they  are  much  the  same  in 
their  characters  with  those  already  enumerated,  and  differ 
very  little  from  such  as  are  at  present  in  activity  in  other 
parts  of  the  world.  Indeed,  even  the  streams  of  lava  which 
they  have  given  out  are  often  so  little  decomposed,  so  par- 
tially covered  with  vegetation,  that  we  not  only  readily  admit 
their  modern  origin,  but  even  imagine  they  must  have  been 
formed  within  the  limits  of  authentic  history. 

Nor  have  we  a  right  to  assume  an  entire  extinction  of 
these  processes  throughout  the  district ;  for  the  frequency  of 
thermal  and  of  acidulated  springs— the  copious  evolution  of 
carbonic  acid  which  takes  place,  according  to  M.  Fournet, 
in  the  mines  of  Pont  Qibaud,  as  well  as  in  other  localities — 
the  springs  of  bitumen  also  met  with — and  the  abundant  de- 
position of  travertin  now  taking  place  near  Clermont,  where 
it  has  stretched  across  a  rivulet,  forming  a  natural  bridge 
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over  it  *,«— cannot  but  be  viewed  as  indications  of  a  languid 
action  of  volcanic  forces  still  continuing  underneath. 

The  records  nevertheless  of  any  actual  eruptions  are  no- 
where to  be  found,  and  the  evidence  we  are  in  quest  of  can 
only,  it  would  seem,  be  collected  from  the  volume  of  nature, 
which  in  this  instance  speaks  a  language  so  intelligible ;  for 
with  regard  to  the  popular  names  of  certain  of  the  mountains 
and  valleys  t,  to  which  some  have  referred  as  indications  of  a 
remote  tradition,  it  seems  more  probable  that  they  were 
applied  to  the  places  they  designate,  in  consequence  of  the 
ideas  which  their  appearances  were  calculated  to  suggest  to 
the  minds  of  their  first  inhabitants,  than  from  the  latter 
having  been  themselves  eye-witnesses  of  the  events  which 
occasioned  them. 

I  remarked,  indeed,  in  the  former  edition  of  this  work,  that  if  any 
of  these  volcanos  had  been  in  a  state  of  activity  in  the  age  of  Julius 
Caesar,  that  General,  who  encamped  upon  the  plains  of  Auvergne  and 
laid  siege  to  its  principal  city,  could  hardly  have  failed  to  notice 
them ;  and  that  had  there  been  any  record  even  of  their  existence 
in  the  time  of  Pliny  or  Sidonius  Apollinaris,  the  one  would  scarcely 
have  omitted  to  make  mention  of  it  in  his  Natural  History,  nor  the 
other  to  introduce  some  allusion  to  it  among  his  descriptions  of  this 
his  native  province. 

The  learned  author  of  an  article  in  the  Quarterly  Review  on  the 
Norman  Conquest  X  has  questioned  the  soundness  of  this  inference, 
and  whilst  he  has  erroneously  placed  me  in  opposition  to  Mr.  LyeU, 
who  on  the  contrary  in  this  instance  adopts  in  his  work  §  the  very 
conclusions  I  had  previously  arrived  at,  even  cites  against  me  the 
testimony  of  Sidonius  Apollinaris  and  of  Alcimus  Avitus,  the  Bishop 
of  Vienne,  as  proving  the  existence  of  active  volcanos  in  Auvergne 
during  the  fifth  century  after  Christ  || .  But  in  so  doing,  the  Re- 
viewer seems  to  me  to  have  confounded  together  the  volcanos  of 

*  The  petrLfactioDS  produced  by  this  spring  are  well  known  and  much 
admired. 

f  Such  are  Montbrol,  Vall^  d'Cnfer ;  and  perhaps  the  very  name  of  the 
province  may  be  derived  from  certain  appearances  that  might  have  reminded 
its  first  settlers  of  the  lake  Avemus  near  Naples. 

I  Oct.  1844,  §  Principles  of  Geology,  vol.  iii.  p.  269. 

B  Gregory  of  Tours  has  also  been  mentioned  as  an  authority  on  the 
same  side,  but  I  can  only  find  that  he  bears  testimony  to  a  great  earth- 
quake which  shook  the  city  of  Auvergne  during  the  episcopate  of  St.  Gall 
in  the  sixth  centnry* 
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Auvergne  and  those  of  the  ViTarais,  two  groQpB,  which,  although 
scarcely  100  miles  distant  from  each  other,  are  nererthelesi  divided 
by  a  harrier  of  primary  rocks,  and  helong  apparently  to  independent 
ay  stems*. 

To  infer  that  the  volcanos  of  Auvergne  were  in  a  state  of  activity 
at  the  time  when  those  of  the  Vivarais  showed  symptoms  of  dis- 
turbance,  would  be  as  tash  as  to  presume  that  the  extinct  volcano  of 
Mount  Vultur  in  Apulia  was  roused  into  activity  in  the  first  century 
of  the  Christian  Kra,  because  ancient  writers  have  recorded  the  ra- 
vages made  at  that  time  by  Vesuvius. 

The  letter  which  Sidonius  addresses  to  the  Bishop  of  Vienne  evi- 
dently  alludes  to  events  which  occurred  within  the  diocese  and  the 
neighbourhood  of  the  latter,  if  not  immediately  around  the  city  in 
which  he  resided.  "  Non  enim  lalet  nostram  icisnlationem,"  says 
Sidonius,  "primia-  tetnporibus  harvmce  supplicatttmitm  inslitutamm, 
eirilaa  calilua  libi  (reditu  per  cujiumodi  prodigiorvm  lerricvlaiMnta 


'  The  annexed  woodcut  may  be  useful  as  showing  the  relative  position 
of  the  volcanos  of  Central  France  to  each  other  and  to  the  city  of  Vienne. 

Relatitre  potilion  of  Ihr  mural  Chain*  qf  Foleano$  in  Central  Franrt. 
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vacuabatur.  Nam  tnado,  scena  mcenium  publicorum  crehris  terra  motU 
bus  cattcutiebantur ;  nunc,  ignes  sape  flammati  caducas  culminum  cristas 
superfecto  favillarum  monte  twmulabant"  And  as  Alcimus  Avitus  was 
the  successor  in  the  see  of  Vienne  to  Mamertus'*',  to  whom  Sido- 
nias's  epistle  was  addressed,  the  allusions  which  the  former  Prelate  in 
his  Rogation  Homily  makes  to  the  same  fearful  catastrophes  would 
seem  to  refer  to  this  locality  rather  than  to  one  more  distant. 

I  therefore  submit  to  my  readers,  whether  the  entire  silence  of 
Sidonius  as  to  the  existence  of  volcanos  in  Auvergne,  although  his 
residence  was  on  the  borders  of  the  lake  Aidat,  which,  as  we  have 
seen,  was  caused  by  an  eruption  from  one  of  the  most  modem  of 
those  which  had  desolated  the  country,  is  not  a  strong  negative 
evidence  of  their  antiquity,  especially  when  this  author  dwells  in  his 
poems  on  the  scenery  of  his  own  neighbourhood,'  and  even  compares 
its  natural  beauties  with  those  of  Baiee,  a  spot  which  he  must  have 
known  to  be  in  the  neighbourhood  of  a  burning  mountain. 

How  natural  would  it  have  been  for  him,  after  he  had  said,  with 
reference  to  his  Baths  on  the  lake  of  Aidat, — 

"  iEmula  Baiano  tolluntur  culmina  codo, 

Parque  cothurnato  vertice  fulget  apex,"  &c.+ 

*  It  may  be  well  to  add  the  extract  from  Avitus's  Rogation  Homily  to 
which  the  reviewer  refers : — 

"£t  quidem  terronim  temporis  illius  causas  multos  nostHim  recolere 
Bcio ;  siquidem  incendia  crehra,  terra  motua  assidui,  nociurni  aonitus,  cui- 
dam  totius  orhi$  funeri  prodigioeum  quoddam  bustuale  minitabantur.  Nam 
populosis  hominum  concursibus  domesiica  sylvestrium  ferarum  species  ob- 
servabatur,  Deus  viderit  an  ludificans  oculis,  an  adducta  portentis.  Quic- 
quid  tamen  ex  iis  duobus  foret,  perinde  monstruosum  intelligebatur,  seu 
sic  veraciter  immania  bestianim  corda  mansuefieri,  seu  tam  horribiliter 
conspectibus  territomm  falsse  visionis  phantasmata  posse  confingi.  Inter 
hsec  diversa  vulgi  sententia,  dispariumque  ordinum  varis  opiniones.  Alii 
quod  sentiebant  dissimulando,  quse  fletui  nolebant  dare,  casui  dabant ;  alii 
spiritu  salubriore,  abominabilia  nova  quoque  congruis  roalorum  proprietatis 
significationibus  interpretabantur.  Quis  enim  in  crebria  ignibus,  imbres  so- 
domiticos  iwn  timeret?  Quis  trementibus  elementia,  aut  decidua  culminum, 
out  ditrupta  terrarum  imminere  non  crederet  ?  Quis  videns,  certe  videre  se 
putans,  pavidos  naturaliter  cervos  per  angusta  portarum  usque  ad  fori  lata 
penetrantes,  non  imminentem  solitudinis  sententiam  formidaret?" — Aldmi 
Aviti  Homilia  de  Rogationtbua,  Ed,  Sirmond.  ii.  90. 

t  The  following  are  the  lines  to  which  reference  is  made  : — 

Carmen  XVllI. 
De  Balneie  VilltB  sua  supra  lacum  posita. 

Si  quis  Avitacum  dignaris  visere  nostrum, 
Non  tibi  displiceat,  si  quod  habes  placeat. 

D 
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to  have  added,  that  in  its  yicinity  too,  as  in  that  of  Baie,  there  was 
a  mountain  vomiting  forth  flames,  supposing  any  such  phaenomenon 
to  have  been  fiamiliar  to  him  near  the  spot  where  he  resided !  When 
therefore,  as  I  remarked  in  my  former  edition,  Sidonius,  under  the 
apprehension  of  an  attack  from  the  Goths,  informs  the  Bishop  of 
Vienne  that  he  is  going  to  enjoin  public  prayers,  similar  to  those 
which  the  bishop  had  established  at  the  time  when  "  earthquakes 
demolished  the  walls  of  Vienne,  when  the  mountains  opened  and  vomited 
forth  torrents  of  inflamed  materials,  ani  when  the  wild  beasts,  driven 
from  the  woods  by  fire  and  terror,  retired  into  the  towns,  where  they 
made  great  ravages,"  I  conceive,  that  even  admitting  that  he  may 
have  afforded  some  evidence  in  favour  of  the  modem  date  of  certain 
of  the  volcanos  in  the  neighbouring  province  of  the  Vivarais,  his 
silence  as  to  anything  similar  having  happened  in  his  own  neigh- 
bourhood speaks  strongly  in  favour  of  the  antiquity  of  the  latter,  and 
disposes  us  to  assign  to  them  an  aera  as  remote  as  is  consistent  with 
the  fact  of  their  posteriority  to  the  formation  of  the  principal  valleys 
of  the  country.  With  regard  to  the  silence  of  the  elder  Pliny  as  to 
the  existence  of  volcanos  in  Auvergne,  although  I  should  not  bring 
it  forward  as  conclusive,  yet  it  cannot  but  be  regarded  as  an  extraor- 
dinary circumstance,  that  in  his  enumeration  of  the  burning  moun- 
tains existing  in  Sicily,  in  Pamphylia,  in  Lycia,  in  Bactria,  in  Media, 
in  Ethiopia,  and  in  so  many  other  less-known  localities,  he  should 
have  made  no  mention  of  those  in  Auvergne,  had  their  slumbers  been 
at  that  period  interrupted. 

On  the  other  hand,  Mr.  Lyell  has  shown  (Quarterly  Journal  of 
the  Geological  Society,  No.  6)  that  one  of  the  most  recent  of  the 
lava-currents,  that  from  the  Puy  de  Tartaret,  which  occupies  the 
bottom  of  a  valley  at  the  lower  end  of  the  Lac  de  Chambon,  rests 
upon  an  alluvial  deposit  of  red  sandy  clay  containing  remains  of 
animals,  closely  allied  indeed  to  existing  species,  but  with  some 
points  of  difference,  indicating  that  the  mammalian  fauna  was  very 
distinct  as  a  whole  from  that  now  inhabiting  Auvergne.    And  that 

iEmala  Baiano  toUuDtur  culmina  cono, 

Parque  cothurDato  vertice  fulget  apex. 
Gamila  Gauranis  plus  murmuret  unda  fluentis 

Contigui  collis  lapsa  sapercilio. 
Lucrinuin  dives  stagnum  Campania  noUet 

iEquora  si  nostri  cerneret  ilia  ladis. 
Illud  puniceis  ornatur  littus  echinis, 

Piscibus  in  nostris  hospes  utrumque  vides. 
Si  libet,  et  placido  partiris  gaudia  corde, 

Quisquis  ades,  Baias  tu  facis  hie  animo. 
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the  current  which  has  issaed  from  the  Puy  de  Tartaret  was  anterior 
to  the  period  referred  to,  appears  from  the  fact  that  a  Roman  bridge 
of  such  form  and  construction  as  continued  in  use  down  to  the  fifth 
century,  but  which  may  be  older,  is  now  seen  at  a  place  about  a  mile 
and  a  half  from  this  spot.  The  ancient  bridge  spans  the  river  Couze 
in  two  arches  which  spring  from  the  lava  on  both  banks,  showing 
that  a  ravine  precisely  like  that  now  existing  had  already  been  ex- 
cavated by  the  river  thirteen  or  fourteen  centuries  ago. 

TVachytic  Cones  in  Auvergne, 

Let  us  now  proceed  to  the  consideration  of  another  descrip- 
tion of  rocks  found  in  the  same  neighbourhood,  the  nature 
and  origin  of  which  may  appear  to  be  somewhat  more  pro- 
blematical and  less  in  harmony  with  the  phaenomena  of  vol- 
canos  at  present  in  activity. 

The  department  of  which  Clermont  is  the  capital  has  re- 
ceived its  name  from  a  mountain^  which  as  the  highest  in  the 
province,  and  occurring  in  some  degree  detached  from  the 
rest,  has  acquired  more  importance  than  it  might  in  other 
situations  have  obtained,  although  indeed  its  height  is  con- 
siderable, being  4840  feet.  The  Puy  de  Udme,  the  hill  to 
which  I  allude,  is  of  a  conical  form,  and  remarkable  for  the 
distinctness  of  its  outline,  rising  abruptly  from  the  midst  of  a 
sort  of  amphitheatre  of  volcanic  rocks,  which  it  considerably 
overtops,  but  which,  without  much  stretch  of  the  imagination, 
might  be  supposed  to  have  constituted  the  crater  from  whence 
this  great  central  mass  was  protruded. 

However  this  may  be,  the  mineralogical  characters  of  the 
mountain  are  such  as  differ  entirely  from  those  of  the  hills  on 
either  side  of  it.  The  Puy  de  Ddme  seems  to  consist  almost 
entirely  of  a  rock  with  a  felspar  base,  allied  to  trachyte,  but 
of  a  more  earthy  character,  and  containing  more  rarely  cry- 
stals of  glassy  fdspar.  These  however  do  occur  even  in  the 
most  pulverulent  part  of  the  rock,  and  are  common  in  the 
more  compact  portions,  where  indeed  the  resemblance  to  tra- 
chyte is  often  so  perfect  as  to  leave  us  in  little  doubt  with 
respect  to  the  real  nature  of  the  rock  in  general.  The  term 
Domite,  therefore,  which  was  originally  assigned  to  it  from 
its  occurring  in  the  Puy  de  D6me,  must  be  considered  as  ex- 
pressive merely  of  a  variety  or  subspecies  of  trachyte,  marked 
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by  the  earthy  character  of  its  basis,  and  by  its  whitish  or 
greyish  colour.  It  has  disseminated  numerous  plates  of  mica, 
as  well  as  of  specular  iron,  which  forms  likewise  a  thin  super- 
ficial coating  on  the  stone  between  its  crevices,  and  it  contains 
occasionally  quartz,  grains  of  which  are  sometimes  so  scattered 
over  it  as  to  give  an  arenaceous  character  to  the  rock. 

The  most  remarkable  circumstance  relating  to  this  sub- 
stance is,  that  it  is  confined  to  this  hill,  and  to  five  others  in 
its  immediate  vicinity,  which,  though  they  all  present  some 
modifications  of  aspect,  still  possess  sufiicient  of  a  common 
character  to  be  referable  to  the  same  class.  They  are  all 
conical,  all  detached,  and  have  surrounding  them  hills  of  a 
volcanic  nature  which  bear  not  the  slightest  analogy  to  them 
in  appearance.  The  first  three  of  these,  namely  the  Grand 
and  Petit  Cliersou*  and  the  Grand  Sarcouy,  are  composed 
entirely  of  domite.  The  two  Cliersous  however  are  covered 
on  the  summit  by  a  bed  of  alluvium  two  or  three  feet  thick, 
composed  of  rounded  masses  of  basalt,  granite,  felspar,  quartz, 
and  pumice.  At  the  Petit  Cliersou  are  likewise  found  scoriae 
and  puzzolana.  On  the  other  hand,  the  Grand  Sarcouy, 
which  is  remarkable  for  its  hemispherical  form,  truncated  on 
the  summit,  is  destitute  of  alluvium,  although  its  upper  part 
is  strewed  over  with  scoriae.  It  is  of  a  looser  texture  than  the 
rest,  and,  as  has  been  already  observed,  is  impregnated  with 
muriatic  acid. 

Trachytic  Hills  near  Clermont  in  Auvergne  seen  from  the  Puy  Chopine, 


1.  Grand  Sarcouy. 

2.  Puy  Pariou. 

3.  Petit  Puy  de  Ddmc. 


4.  Puy  de  D6me. 

5.  Petit  Suchet. 

6.  Cliersou. 


♦  Also  called  "  Suchet. 


7.  Grand  Suchet. 

8.  Puy  de  C^me. 


» 
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The  fourth  of  these  is  a  little  hill  south  of  the  Puy  de  Ddme, 
called  the  Puy  de  Gromanaux,  of 'which  only  one-third  part 
is  trachytic,  and  this  apparently  a  prolongation  of  the  latter 
mountain.  The  last  in  the  series  is  the  Puy  Chopine,  which 
requires  some  more  particular  notice  than  the  rest  from  the 
singular  confusion  and  anomalous  structure  of  the  rocks 
which  compose  it.  Owing  indeed  to  the  quantity  of  debris 
which  everywhere  covers  its  sides^  where  not  concealed  by 
vegetation^  it  is  difficult  to  determine  with  precision  the  po- 
sition they  occupy,  or  the  relations  they  bear  to  each  other. 
On  climbing  to  its  summit,  I  found,  in  situ,  a  rock  analogous 
to  domite,  unaltered  granite,  and  a  conglomerate.with  a  gra- 
nitic base,  rocks  which  seem  to  be  related  to  each  other. 
Lower  down  I  observed  a  granular  hornblende  rock,  which 
appeared  to  pass  into  the  granite ;  and  these  four  substances 
make  up,  so  far  as  my  observations  extend,  the  higher  por- 
tions of  the  mountain.  Lower  down  we  have  lavas,  both 
compact  and  vesicular,  none  of  which,  so  far  as  I  observed, 
occupy  the  summit,  although  M.  Montlosier,  who  examined 
the  spot  doubtless  with  more  attention,  states  that  he  saw 
one  small  portion  extending  thus  high.  It  should  be  re- 
membered that  the  Puy  Chopine,  even  more  distinctly  than 
the  Puy  de  Dome,  is  encircled  by  an  amphitheatre  of  hills, 
which  are  comprehended  under  the  names  of  the  Puy  Chau- 
mont  and  the  Montague  des  Gouttes.  I  examined  these  hills, 
and  found  them  all  to  be  volcanic,  consisting  chiefly  of  a  tuff 
containing  portions  of  scoria;,  and  lavas  of  various  denomina- 
tions, all  cemented  together  by  an  ochreous  paste. 

Such,  so  far  as  I  observed,  appears  to  be  the  constitution 
of  the  Puy  Chopine ;  and  the  singular  assemblage  of  rocks 
which  it  comprises,  whilst  it  serves  to  explain  its  own  forma- 
tion, may  perhaps  furnish  us  with  a  clue  to  the  theory  of  the 
Puy  de  D6me  and  the  other  mountains  similarly  constituted. 
Encompassed  on  all  sides  by  volcanic  rocks,  and  bearing  in 
themselves  evidences  of  the  agency  of  fire,  the  igneous  origin 
of  these  latter  mountains  will  scarcely  be  disputed ;  but  the 
precise  manner  in  which  they  have  been  affected  by  this  agent 
still  admits  of  a  question.  It  may  be  asked,  for  instance, 
whether  these  rocks  are  to  be  considered  as  separately  thrown 
up  like  the  volcano  of  Jurullo  in  Mexico,  which  will  be  after- 
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wards  considered^  or  are  the  relics  of  one  continuous  stratum 
of  felspathic  lava.  The  latter  opinion  has  found  an  advocate 
in  M.  Daubuisson,  who  seems  to  consider  the  Puy  de  Ddme 
and  its  accompanying  hills  as  outliers  of  the  great  trachytic 
formation  which  extends  over  the  Mont  Dor.  Von  Buch, 
on  the  contrary,  imagines  that  the  mountains  composed  of 
domite  have  been  thrown  up  from  below,  elaborated  from  the 
materials  of  the  fundamental  granite,  which  had  been  altered 
partly  by  the  effect  of  heat,  and  partly  by  elastic  vapours. 

M.  Lecoq,  who  has  written  an  essay  on  the  origin  and  constitution 
of  the  felspathic  Puys  of  this  district,  proposes  an  hypothesis  which 
seems  in  some  measure  to  combine  both  the  former.  He  regards 
domite  as  formed  from  a  pumiceous  conglomerate  rock  which  spreads 
over  much  of  the  older  volcanic  rocks  of  Mont  Dor,  and  extends  also 
to  Boiilade  near  Issoire  in  the  plain  of  Limagne.  He  conceives  that 
this  matter,  altered  by  heat,  and  heaved  up  in  a  conical  form  by 
elastic  vapours,  constitutes  the  domite  of  the  Puys  under  considera- 
tion. This  conglomerate  he  supposes  to  have  formerly  overspread 
the  country,  but  to  be  in  great  measure  concealed  by  the  volcanic 
rocks  which  in  more  modem  times  have  covered  so  much  of  the 
surface  in  the  neighbourhood  of  Clermont. 

When  the  volcanic  agency  was  sufficient  to  burst  through  this  bed 
of  conglomerate,  a  crater,  consisting  of  scoriae,  cellular  lava  and  the 
like,  would  be  formed  over  it ;  when  the  force  was  insufficient,  the 
pumiceous  tuff  was  merely  elevated  in  a  conical  form  above  its  ori- 
ginal site,  being  likewise  acted  upon  by  the  joint  agency  of  heat 
and  elastic  vapours.  Thus  the /orma/ton  of  the  materials  composing 
the  Puy  de  Dome  was  contemporaneous  with  that  of  the  Mont  Dor 
range,  but  its  elevation  merely  dates  from  the  time  when  the  modem 
lavas  around  Clermont  were  erupted.  By  this  theory  he  accounts 
for  the  presence  of  crystals  formed  by  fire,  as  well  as  of  pebbles 
produced  by  the  action  of  water — for  the  differences  in  the  constitu- 
tion of  the  several  hills,  arising  from  the  different  degrees  in  which 
they  have  been  subjected  to  heat — for  their  rounded  or  conical  form, 
the  evident  result  of  elevation — and  for  the  general  absence,  except 
when  there  are  crystals,  of  potass,  which  seems  to  imply  the  prior 
action  of  water. 

The  different  degrees  of  elevation  may  be  traced  in  the  several 
mountains  already  described ;  thus  at  the  Puy  de  Gromanaux,  the 
crater  we  observe  shows  that  volcanic  forces  have  heaved  up  the 
domite,  but  were  not  powerful  enough  to  cover  it  over  entirely  with 
ejected  materials.     At  the  Puy  de  Ddme,  the  two  Cliersous  and  the 
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Sarcouy,  the  domite  has  been  merelj  upheayed  without  being  al- 
tered in  position,  and  hence  these  are  still  covered  by  their  original 
bed  of  alluvium.  Lastly,  at  the  Puy  Chopine  the  domite  has  been 
upheaved  together  with  the  granite  on  which  it  reposed. 

I  present  this  hypothesis  as  one  emanating  from  a  geologist  of 
some  reputation,  who  has  made  Auvergne  his  particular  study,  al- 
though I  confess  that  I  do  not  see  the  necessity  of  adopting  that 
part  of  it  which  relates  to  the  derivation  of  the  domite  from  the  pu- 
miceous  conglomerate  of  La  Boulade.  Domite,  as  I  have  already 
stated,  is  only  a  variety  of  trachyte,  and  as  such  must  be  either  an 
altered  granitic  rock,  or  formed  out  of  materials  similar  to  those  of 
which  granite  itself  was  made  up.  In  what  the  differences  consist, 
and  in  what  manner  they  may  possibly  be  explained,  will  form  the 
subject  of  a  subsequent  part  of  this  work,  in  which  the  theory  of 
volcanos  is  made  the  matter  of  discussion ;  at  present  I  need  only 
remark,  that  the  notions  which  have  been  thrown  out,  that  the  five 
or  six  domitic  Puys  alluded  to  are  the  relics  of  a  continuous  stratum 
once  overspreading  the  country,  or  that  they  are  volcanic  cones 
changed  into  domite  by  some  unexplained  action  of  heat  whilst  in 
their  present  position,  involve  so  many  difficulties,  not  to  say  ab- 
surdities, as  to  be  scarcely  worthy  of  discussion. 

Adopting,  therefore,  that  which  is  common  to  Leeoq's  and 
to  Von  Buch's  theory,  namely  the  separate  elevation  of  each 
of  these  isolated  cones,  let  us  consider  how  their  several  ap- 
pearances may  be  accounted  for  on  the  assumption  that  do- 
mite is  formed  out  of  a  granitic  material  altered  in  some  way 
or  other  by  subterranean  heat.  In  the  instance,  then,  of  the 
Pay  Chopine^  we  may  attribute  the  intermixture  of  hornblende 
rock  to  the  circumstance  of  its  forming  beds  in  the  granite 
which  was  thrown  up,  whilst  the  unequal  operation  of  heat 
may  explain  the  occurrence  of  the  latter  substance  as  well  as 
of  tihe  former,  unaltered  in  the  midst  of  domite.  With  respect 
to  the  volcanic  trap  or  lavas  which  occupy  the  lower  portions 
of  the  mountain,  we  may  consider  these  as  detached  from  the 
rocks  that  occur  in  the  Montagne  des  Gouttes  and  Puy  Chau- 
mont  contiguous,  elevated,  as  it  would  appear,  by  the  same 
process  which  thrust  up  the  granite  and  domite  through  the 
xmdst  of  them. 

The  geologist  who  adopts  this  view  of  the  subject  will  re- 
gard the  modifications  of  appearance,  observable  in  the  rocks 
which  have  been  referred  to  the  general  head  of  domite,  as 
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arising  from  some  difference^  either  in  the  intensity  of  the 
heat  to  which  they  were  severally  subjected^  or  in  the  mode 
of  its  application,  rather  than  in  the  material  from  which  it 
was  produced. 

Thus,  M.  Montlosier  has  observed,  that  the  Puy  de  Mon- 
char,  a  mountain  to  the  north-west  of  the  Puy  de  Ddme  on 
the  road  to  Aurillac,  seems  merely  to  have  been  forced  up 
without  having  experienced  any  material  alteration  in  struc- 
ture ;  for  though  partly  composed  of  scoriae  and  other  volcanic 
products,  yet  it  contains  also  masses  of  unaltered  granite^  un- 
accompanied indeed,  as  at  the  Puy  Chopine,  with  domite,  but 
in  such  disorder  as  plainly  demonstrates  that  they  do  not  exist 
in  their  natural  position. 

The  second  stage  of  alteration  is  seen  in  the  case  of  the 
Puy  Chopine,  where  the  granite  is  not  only  raised  by  some 
expansive  force  from  the  spot  it  originally  occupied,  but  is  also 
partially  converted  into  the  state  of  domite,  whilst  a  portion 
still  unchanged  remains  as  a  specimen  of  the  materials  from 
which  the  former  was  produced. 

Lastly,  in  the  case  of  the  two  Cliersous,  the  Grand  Sarcouy, 
and  the  Puy  de  Dome,  the  change  from  granite  into  domite 
is  complete  throughout,  and  the  whole  reduced  into  a  spongy 
pulverulent  mass,  as  is  particularly  seen  in  the  Puy  Sarcouy. 
The  latter  rock  still  exhales  the  odour  of  muriatic  acid,  and 
the  presence  ctf  that  substance  in  it  was  ascertained  by  Vau- 
quelin;  a  fact  which  will  be  easily  accounted  for  from  the 
abundant  evolution  of  this  acid* which  takes  place  from  vol- 
canos  now  in  activity. 

We  have  no  data  on  which  to  fix  with  any  certainty  the 
age  of  this  rock ;  it  is  probable  indeed  that  its  date  is  not  the 
same  as  that  of  the  trachytes  of  Mont  Dor,  which  will  be  next 
considered,  since  we  rarely,  if  ever,  find  amongst  that  exten- 
sive formation  a  substance  exactly  corresponding  to  that  of 
which  the  Puy  de  Dome  is  composed,  and  the  more  modern 
date  of  the  neighbouring  volcanic  products  would  lead  us  to 
infer  from  analogy  that  it  was  less  ancient ;  yet  it  must  be 
confessed  that  we  want  in  this  instance  the  direct  evidence 
which  is  afforded  us  in  the  case  of  those  volcanos  that  have 
given  forth  currents  of  lava. 
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On  the  Ancient  Volcanic  Rocks  near  Clermont. 

I  have  already  admitted^  that  no  decided  line  of  demarcation 
exists  between  the  class  of  modem  and  of  ancient  volcanic 
rocks ;  for  here,  as  in  all  other  cases,  though  the  extremes  of 
a  natural  series  may  be  as  unlike  as  possible,  there  will  always 
be  certain  connecting  links  which  might  seem  referable  almost 
equally  well  to  either  group. 

Mr.  Scrope,  and  subsequently  Sir  Roderick  Murchison  and 
Mr.  Lyell,  have  afforded  us  a  striking  example  of  this  in  their 
description  of  the  volcano  of  Chaluzet  below  Pont  Qibaud*, 
where  a  stream  of  lava  may  be  traced  from  a  worn- down  crater 
situated  on  the  western  side  of  a  conical  hill,  called  the  Puy 
Rouge,  composed  entirely  of  red  and  black  scorise,  and  yet  is 
seen  distinctly  resting  upon  a  bed  of  pebbles  which  separates 
it  from  the  subjacent  gneiss. 

The  character  of  the  hill  from  which  it  issues,  the  scoria- 
ceous  appearance  of  its  own  mass,  its  course  in  the  same 
direction  as  that  of  the  valley  now  existing,  and  its  position 
incumbent  on  a  bed  of  detrital  matter,  are  circumstances 
which  might  entitle  it  to  a  place  amongst  the  products  of 
modern  volcanos. 

But,  on  the  other  hand,  the  section  which  has  been  worked 
through  the  lava,  the  pebble  bed,  and  the  gneiss  underneath, 
to  a  depth  of  not  less  than  400  feet,  is  of  sufficient  importance 
to  rank  as  a  valley  rather  than  as  a  mere  ravine,  and  thus  to 
place  the  volcanic  matter  in  the  class  of  ancient  igneous  pro- 
ducts, with  which  view  indeed  the  basaltic  character  of  the 
greater  part  of  the  lava-current,  of  which  the  vertical  face  is 
exposed  at  the  point  alluded  to,  seems  more  strictly  in  cor- 
respondence. 

The  lava  of  Chaluzet  is  not  seen  on  both  sides  of  the 
valley,  and  we  have  therefore  perhaps  no  right  to  assume 
that  it  has  been  itself  cut  through  by  the  waters  of  the  Sioule ; 
but  at  any  rate,  at  the  time  when  it  was  erupted,  the  bed  of 
pebbles  upon  which  it  rests  must  have  constituted  the  lowest 
level  of  the  then  existing  valley,  and  the  remaining  fifty  feet, 
or  thereabouts,  which  have  been  excavated  through  the  gneiss 

♦  Edin.  New  Phil.  Journ.  1829. 
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subjacent  to  this  alluvial  matter^  are  attributable  to  causes  in 
operation  since  this  very  remote  volcanic  eruption. 

I  will  next  proceed  to  instance  certain  ancient  volcanic 
rocks  in  the  neighbourhood  of  Clermont  of  a  less  equivocal 
character. 

The  basalt  of  Montaudoux,  which  Dr.  Bou^  has  remarked 
to  be  nearly  identical  in  character  with  the  rock  of  Calder^ 
between  Glasgow  and  Edinburgh^  evidently  belongs  to  an  sera 
much  more  remote,  and  has  been  formed  under  conditions 
altogether  different  from  those  of  the  scoriaceous  lava  of  Gra- 
veneire,  to  which  it  is  so  contiguous. 

The  mountain  Gergovia,  too,  situated  a  little  further  to  the 
south,  consists  principally  of  a  succession  of  beds  of  freshwater 
limestone ;  but  these  are  intersected  by  strata  of  tuff  consist- 
ing of  a  mixture  of  nodules  of  limestone  and  of  basalt,  with 
kidney-shaped  masses  of  chalcedony  imbedded  in  volcanic 
clay  and  sand.  A  bed  of  basalt  divides  the  strata  of  tuff,  and 
the  same  material  caps  the  freshwater  beds,  which,  resting 
upon  the  tuff,  form  the  upper  portions  of  the  hill.  Elie  de 
Beaumont  appears  to  have  proved  that  these  apparently  hori- 
zontal beds  of  basalt  are  in  reality  dykes  intersecting  the  fresh- 
water formation  of  the  Limagne'*';  but  this  fact  only  places 
in  a  stronger  light  their  antiquity,  as  it  is  evident  that  they 
must  have  been  injected  before  the  excavation  of  the  valley 
which  the  mountain  of  Gergovia  overlooks.  The  fact  is  also 
important,  as  it  may  assist  us  in  explaining  the  anomalous 
position  which  the  basalt  sometimes  assumes  with  reference 
to  the  trachyte  and  even  to  the  tuffs  subjacent,  both  which  it 
occasionally  underlies,  although  its  general  relation  to  both 
these  rocks  indicates  that  it  is  of  more  modern  eruption  f. 

The  Puy  Charade,  on  the  other  side  of  Clermont,  is  also 
capped  with  basalt  much  impregnated  with  olivine,  whilst  the 
sides  and  base  of  the  mountain  are  composed  entirely  of  gra- 
nite. These  instances  are  sufficient  to  establish  the  greater 
antiquity  of  many  of  the  trap  rocks  near  Clermont,  and  that 
they  are  of  volcanic  origin  would  have  been  admitted  even  by 

•  M^molres  pour  aervir,  &c.  vol.  i. 

f  Burat,  in  his  '  Description  des  terr.  vole,  de  la  France  Centrale/  cites 
several  instances  of  this :  see  particalarly  chap,  viii. 
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those  who  contended  for  the  aqueous  origin  of  trap,  from  their 
association  with  beds  of  tuff  containing  scoriae  and  other  cel- 
lular products. 

Thus  at  the  Puy  Marman  near  Veyre,  about  three  leagues 
south  of  Clermont,  on  the  road  to  Brioude,  the  same  associa- 
tion of  rocks  occurs  as  at  Oergovia,  the  mountain  being  capped 
by  basalt,  underneath  which  is  a  calcareous  rock,  identical 
both  in  its  external  characters  and  imbedded  petrifactions 
with  that  which  occurs  in  the  latter  locality.  This  is  followed 
by  a  thick  stratum,  composed,  as  at  the  former  locality,  of  a 
sort  of  tuff  containing  imbedded  portions,  not  only  of  basalt 
and  other  trap  rocks,'  but  even  of  limestone.  The  paste  by 
which  these  ingredients  are  held  together  partakes  in  some 
places  of  the  characters  of  wacke,  but  where  it  approaches  the 
bed  underneath  it,  the  cement  itself  becomes  calcareous,  in 
which  case  the  only  difference  between  the  strata  consists  in 
the  presence  or  absence  of  the  imbedded  fragments.  In  like 
manner  the  limestone  bed  is  at  bottom  interspersed  with 
fragments  of  the  volcanic  matter,  which  becoming  by  degrees 
more  and  more  frequent,  give  it  at  length  the  characters  of  a 
tuff.  Basalt  also  appears  to  occur  interstratified  with  the 
rocks  above-noticed,  although  perhaps,  as  in  the  former  case, 
intersecting  it  in  dykes ;  and  the  whole  series,  which,  from  its 
present  highly  inclined  position,  seems  to  have  undergone  some 
change  since  the  period  of  its  original  formation,  rests  finally 
upon  the  limestone  of  the  plain  of  Limagne. 

Whether  the  tuff  in  this  instance  contains  any  scoriform 
lava,  I  am  not  prepared  to  say ;  but  its  origin  is  clearly  the 
same  with  that  of  the  other  rocks  consisting  of  the  same  ma- 
terial, which  occur  in  various  places  resting  upon  the  same 
limestone  in  the  plain  of  Limagne. 

Two  of  these  rocks  occur  a  mile  or  two  south  of  Clermont, 
near  the  road  of  Brioude ;  one  of  them  constituting  a  little 
knoll,  hardly  perceptible  until  we  are  close  to  it ;  the  other 
attaining  a  considerable  height,  and  remarkable  for  the  ab- 
ruptness with  which  it  rises  out  of  the  midst  of  so  level  a 
plain,  reminding  us  of  the  Roche  de  St.  Michael  and  other 
eminences  which  will  be  noticed  as  occurring  near  the  Puy 
en  Velay. 

The  first  of  these  rocks  is  called  the  Puy  de  la  Pege  or 


44  CENTRAL  FRANCE. 

Puy  de  la  Poix ;  the  other,  or  larger  one,  the  Puy  Crouelle. 
The  Puy  de  la  Pege  consists  entirely  of  a  kind  of  tuff,  strongly 
impregnated  with  bitumen,  which  covers  the  external  surface 
with  a  kind  of  varnish,  and  fills  all  the  crevices  in  the  rock. 
This  tuff  often  contains  fragments  of  vesicular  as  well  as  of 
compact  lava,  the  former  connecting  its  origin  with  modern 
volcanic  products,  the  latter  with  the  tuffe  of  the  surrounding 
country.  In  some  cases  the  brecciated  or  conglomerated 
character  of  the  rock  is  lost,  and  the  prevailing  substance 
seems  to  be  a  species  of  trap  rock,  which  from  the  unequal 
manner  in  w  hich  it  has  decomposed,  exhibits  a  number  of  light 
spots  disseminated  through  a  darker  grdund. 

The  Puy  Crouelle,  which  is  about  half  a  mile  distant,  is 
composed  of  the  same  tuff  equally  penetrated  with  asphaltum. 
Unaltered  portions  of  the  limestone  occur  in  the  midst  of  it, 
and  the  same  substance  constitutes  the  stratum  which  imme- 
diately supports  the  tuff.  The  line  of  junction  between  the 
two  formations  is,  as  might  be  expected,  irregular,  so  that  the 
limestone  seems  in  some  places  to  send  up  wedge-shaped 
processes  into  the  incumbent  rock.  The  commencement  of 
the  volcanic  stratum  forms  a  sort  of  natural  boundary,  beyond 
which  no  vineyards  are  to  be  seen,  whether  it  is  that  the 
greater  abruptness  of  this  rock  prevented  their  growth,  or  that 
the  nature  of  the  material  itself  was  hostile  to  vegetation. 

In  my  Letters  to  Professor  Jameson,  I  stated  it  as  my  opi- 
nion that  these  isolated  hillocks  of  tuff  or  wacke  were  raised 
by  some  volcanic  agency  from  beneath  through  the  limestone 
on  which  they  seem  to  repose,  an  hypothesis  which  I  see  is 
adopted  by  a  German  geologist,  M.  Steininger,  who  has 
written  still  more  lately  on  the  subject*.  Nevertheless  on 
reconsidering  the  question,  and  comparing  the  tuff  of  Limagne 
with  that  near  the  Puy  en  Velay,  I  am  inclined  to  believe  that 
these  rocks,  with  others  of  the  same  description  that  lie  scat- 
tered in  the  different  parts  of  this  district,  are  relics  of  a  more 
extensive  stratum,  the  intervening  portions  of  which  have  been 
removed. 

Difficult  as  it  may  seem  to  suppose  so  complete  a  destruc- 
tion of  a  rock  as  is  implied  in  the  latter  hypothesis,  it  is  still 

♦  M.  Burat  also  (Descr.  dcs  terr.  vole,  de  la  France  Centrale)  favours 
this  view. 
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more  so  to  reconcile  the  general  pbaenomena  of  the  tuff — its 
alternation  with  Neptunian  products^  the  occasional  presence 
of  shells^  and  of  unaltered  portions  of  extraneous  rocks^  &c. — 
with  the  hypothesis  of  igneous  ejection. 

Vestiges  of  a  similar  tufaceous  rock  holding  the  same  rela- 
tion to  the  limestone  are  seen  in  various  parts  of  the  plain  of 
Limagne^  especially  at  the  town  of  Pont  du  Chateau,  where 
the  surface  of  the  stone  is  coated  with  those  fine  chalcedonies 
so  highly  prized  by  collectors ;  indeed  siliceous  infiltrations 
are  common  everywhere  throughout  the  freshwater  formations 
of  Auvergne. 

I  must  not  forget  a  formation  somewhat  different  from  the 
above  which  occurs  a  little  to  the  west  of  the  Puy  Marman  at 
the  hill  of  Mouton.  It  bears  some  resemblance  to  the  trass 
of  the  Rhine  volcanos,  containing  imbedded  portions  of  pu- 
mice as  well  as  of  scoriae  and  compact  lava;  but,  like  the  tuff 
of  the  contiguous  hill,  the  paste  by  which  the  fragments  are 
held  together  seems  to  be  often  calcareous. 

Pumice  is  not  a  product  of  the  more  modern  volcanos  of 
Auvergne,  but  it  occurs  extensively  west  of  Issoire  on  the  road 
to  Champeix,  especially  at  Pardines ;  and  it  is  found  also  in 
the  tuff  of  Mont  Dor,  so  that  it  seems  to  be  characteristic  of 
the  more  ancient  igneous  operations  of  this  province. 

Now  it  has  been  stated  in  the  preceding  chapter  that  pu- 
mice is  derived  from  rocks  possessing  a  trachytic  character ; 
and  we  shall  find  that  trachytes  do  in  fact  constitute  the 
prevailing  formation  throughout  the  older  volcanic  region  of 
Auvergne.  These  products  however,  although,  as  we  have 
seen,  occurring  around  Clermont,  obtain  their  greatest  de- 
velopment in  the  neighbouring  chain  of  Mont  Dor  and  in 
the  adjoining  province  of  Cantal,  where  they  are  seen  resting 
upon  tertiary  freshwater  limestone,  and  covered  by  rocks 
which  recall  to  our  recollection  the  basalts  of  the  plain  of 
Limagne. 

Volcanic  Rocks  of  Mont  Dor, 

The  table-land  known  under  the  name  of  Mont  Dor  em- 
braces a  circumference  of  about  thirty  leagues,  of  which  the 
towns  of  Rochefort,  La  Tour  d^ Auvergne  and  Besse  are  placed 
nearly  on  the  boundary  line,  and  the  highest  point  in  the 
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range  attains  the  elevation  of  6133  feet  (1887  metres)  above 
the  level  of  the  sea. 

Though  its  shape  at  a  distance  corresponds  more  to  what 
we  observe  in  many  clay-slate  districts^  yet  it  appears  to  be 
entirely  of  volcanic  origin^  and  two  distinct  classes  of  rocks^ 
both  referable  to  this  cause^  may  be  distinguished. 

On  the  surface  in  many  places  round  the  flanks  of  this 
mountain-range  we  observe  a  basaltic  formation^  covered  by 
a  sort  of  trap-tuff  or  breccia^  and  a  highly  cellular  description 
of  lava.  Below  this  is  the  porphyritic  felspar  rock  known 
under  the  name  of  trachyte^  with  which  are  associated^  a  con- 
glomerate made  up  of  fragments  of  the  same  material,  as  well 
as  of  basalt  and  cellular  lava^  cemented  by  a  felspathic  paste^ 
and  a  rock  apparently  homogeneous^  but  in  reality  analogous 
to  trass^  consisting  of  finely  comminuted  portions  of  pumice. 
Underneath  them  all^  but  at  so  low  a  level  as  hardly  to  justify 
its  being  considered  as  making  a  part  of  the  Mont  Dor  range^ 
is  seen  the  granite^  which  seems  to  constitute  the  original 
substratum  throughout  the  whole  of  this  province^  passing 
however  into  gneiss^  and  afterwards  succeeded^  in  Cantal^  by 
mica-slate.  Its  medium  height  may  be  3000  feet  or  upwards^ 
leaving  about  the  same  thickness  for  the  superimposed  vol- 
canic matter. 

I  shall  consider  these  rocks  in  succession^  beginning  with 
the  highest  in  the  series : — 

1st.  The  basaltic  formation  of  Mont  Dor  comprises  several 
rocks^  differiog  from  each  other  much  in  appearance  and  ex- 
ternal characters. 

The  material  which  has  induced  me  to  give  this  name  to 
the  whole^  is  a  compact  and  sonorous  basalt^  containing  oc- 
casionally crystals  of  olivine,  and  more  commonly  some  of 
augite  and  hornblende,  the  latter  having  frequently  an  acicu- 
lar  form. 

Associated  with  it  is  a  vesicular  rock,  the  general  aspect  of 
which  obliges  us  to  refer  it  to  the  same  class  with  the  undis- 
puted products  of  volcanos  now  in  activity.  We  meet  also 
with  scoriae,  either  in  detached  fragments  or  with  portions  of 
compact  trap,  the  whole  cemented  together  by  iron-clay,  so 
as  to  constitute  a  species  of  volcanic  tuff. 
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I  found  the  order  of  superposition  on  a  hill  which  I  exa- 
mined near  Lake  Gery^  a  few  miles  from  the  village  called 
'*  Les  Bains  de  Mont  Dor/'  to  be  as  follows : — 

On  the  sunmiit  a  thin  bed  of  scorise.  Underneath,  a  tuff, 
containing  fragments  of  the  more  compact  united  with  the 
vesicular  variety  of  lava,  but  in  some  places  in  a  state  of  such 
extreme  division,  that  the  whole  might  be  mistaken  at  a 
distance  for  red  sandstone.  Beneath  all  was  a  compact  and 
crystalline  basalt,  made  up  of  a  coniused  assemblage  of  these 
acicular  crystals  of  hornblende,  together  with  augite  and 
felspar. 

From  the  description  we  have  given,  it  might  be  collected, 
that  the  subjacent  rock,  the  trachyte,  is  chiefly  seen  exposed 
on  the  sides  and  in  the  bottom  of  the  valleys ;  and  that  the 
great  and  elevated  table-land,  which  composes  the  range  of 
Mont  Dor,  and  extends  with  little  interruption  into  Cantal, 
has  its  upper  strata  generally  composed  of  basalt  and  the 
other  rocks  usually  found  associated  with  it. 

But  the  basaltic  platform  alluded  to  seldom  reaches  beyond 
a  certain  elevation,  probably  owing  to  the  greater  resistance 
opposed  to  its  emission  about  the  centre  of  the  range  where  the 
thickness  of  the  trachyte  is  greatest,  just  as  the  volcanic  energy 
has  shown  itself  on  either  side  of  the  Apennine  range,  but  not 
in  the  centre  of  the  chain.  In  many  places  indeed,  especially 
on  the  flanks  of  Mont  Dor,  it  is  found  at  a  lower  level  than  the 
greater  part  of  the  porphyritic  stratum. 

Thus  at  the  ^^  Cascade  du  Quereuil,''  near  the  Baths,  the 
basalt  is  seen  in  fine  columns  incumbent  upon  a  rock,  which, 
from  its  analogies  to  one  found  among  the  Rhine  volcanos,  I 
shall  call  trass,  and  covered  with  volcanic  tuff.  Now  as  the 
former  rests  immediately  upon  granite,  without  the  interven- 
tion of  any  trachyte,  a  recent  German  writer,  M.  Steininger, 
has  concluded  that  the  latter  formation  probably  lies  above 
this  basaltic  rock,  and  consequently  that  the  Mont  Dor  range 
contains  two  sets  of  basaltic  lavas,  the  one  superior  to  the 
trachyte,  the  other  occturring  in  the  midst  of  it.  But  as  this 
geologist  does  not  appear  to  have  adduced  any  decided  instance 
in  which  the  trachyte  is  seen  superimposed  on  the  basalt,  it 
may  be  better  to  imitate  the  caution  of  M.  Ramond,  whose 
experience  in  the  geology  of  Auvergne  is  probably  greater 
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than  that  of  any  other  observer,  and  who,  without  altogether 
denying  the  fact  of  an  alternation  between  the  two  formations, 
confesses  that  the  general  aspect  of  the  phsenomena  leads 
him  to  conjecture,  that  the  irregular  disposition  of  the  basalt 
may  be  explained  by  supposing  it  to  have  descended  from  the 
highest  points  of  the  chain,  and  to  have  filled  up  the  hollows 
and  crevices  in  the  porphyritic  mountains  beneath. 

At  all  events,  the  pao^allel  which  Steininger  has  attempted 
to  draw  between  his  two  formations  of  basalt  in  the  Mont 
Dor,  and  the  ancient  and  modern  basaltic  lavas  near  Clermont, 
fails  in  a  very  essential  point,  since  the  most  modern  of  the 
volcanic  rocks  of  Mont  Dor  have  been  produced  antecedently 
to  the  formation  of  the  valleys,  whilst  those  near  Clermont 
are,  as  we  have  seen,  in  general  posterior  to  them. 

There  is  indeed  near  a  little  lake,  called  the  Lake  of  Ser- 
vieres,  which  stands  on  the  summit  of  the  table-land,  and  in 
its  form  resembles  a  crater,  a  rock  in  height  not  exceeding 
fifty  feet,  which,  from  its  conical  form  and  the  analogy  which 
the  substances  composing  it  bear  to  the  products  of  recent 
volcanos,  seems  to  be  more  modern  than  those  in  its  vi- 
cinity *. 

This  fact  however  does  not  affect  the  question  with  regard 
to  the  general  antiquity  of  these  basalts,  which,  supposing 
them  to  have  been  thrown  out  since  the  existence  of  the 
present  valleys,  would  have  been  found  at  the  lowest  levels 
of  the  country. 

2.  The  trachytic  fonnation  is  essentially  composed  of  cry- 
stals of  glassy  felspar,  imbedded  in  a  base  which  seems  to  be 

♦  Others  are  also  mentioned  in  Scrope's  Memoir,  p.  116,  and  one  of 
them  is  deserving  of  notice,  as  an  instance  of  a  class  of  volcanos,  which,  as 
we  shall  find,  are  of  more  frequent  occurrence  in  the  Eifel.  It  is  a  circular 
lake,  called  "  Le  Gour  de  Tazana,"  about  half  a  mile  in  diameter,  and  from 
thirty  to  forty  feet  deep.  Its  margin  for  a  fourth  of  the  circumference  is 
flat,  and  elevated  above  the  valley  into  which  the  lake  discharges  itself. 
Ever^^where  else  it  is  environed  by  steep  granitic  rocks,  thickly  sprinkled 
with  small  scoria*  and  puzzolana,  and  rising  about  200  feet  from  the  level 
of  the  water.  Tliese  fragments  are  all  that  indicate  the  volcanic  origin  of 
this  gulf-like  basin,  but  they  are  sufficiently  decisive.  No  stream  of  lava, 
or  even  fragments  of  any  large  size,  are  perceivable.  (See  p.  79  of  Scrope's 
Memoir.) 
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of  the  same  material.  Its  fracture  is  more  commonly  rough 
and  earthy^  but  is  not  unfrequently  compact.  In  the  latter 
state  mica,  hornblende  and  other  minerals  are  found  im« 
bedded,  whilst  it  is  the  former  variety  which  contains  the 
finest  and  most  regular  crystals  of  glassy  felspar.  It  passes 
sometimes  into  pitchstone  porphyry,  as  at  the  Valine  d'Enfer, 
at  other  times  into  a  kind  of  hornstone  porphyry,  both  found 
near  the  village  where  the  Baths  are  situated. 

It  is  frequently  coloured  red  by  iron,  and  now  and  then 
incloses  flattened  balls  of  clay  ironstone.  In  its  fissures  are 
also  found  plates  of  specular  iron  ore,  a  substance  which  I 
have  noticed  as  occurring  among  the  recent  volcanos  near 
Clermont,  and  at  the  Puy  de  Ddme. 

Associated  with  the  trachyte,  and  in  some  places  interstra- 
tified  with  it,  are  those  singular  beds  which  I  have  compared 
with  the  trass  of  the  Rhenish  volcanos,  consisting  of  an  ap- 
parently homogeneous  rock  bearing  a  resemblance  to  tripoli, 
possessing  a  rough  earthy  feel  and  slaty  fracture,  generally 
grey,  but  sometimes  of  an  ochreous  yellow  colour,  firom  the 
intermixture  of  oxide  of  iron. 

Whether  these  beds  are  to  be  attributed  to  the  disintegra- 
tion of  the  trachyte,  and  the  subsequent  agglutination  of  its 
finely  divided  fragments  into  an  uniform  mass,  or  whether 
they  have  not  rather  been  the  result  of  ejections  of  finely 
pulverized  matter,  may  admit  of  dispute.  The  same  uncer- 
tainty extends  to  the  beds  of  volcanic  breccia  likewise  found 
accompanying  this  formation,  in  which  the  inclosed  portions 
are  cemented  by  a  paste  often  resembling  the  trachyte  itself. 

To  the  latter  we  may  probably  also  refer  those  fragments 
of  a  breccia  containing  sulphur  and  alum  rock*,  found  in 
the  Gorge  d'Enfer,  near  the  village  of  the  Baths,  in  the  bed 
of  the  river  Dordogne,  which  takes  its  rise  in  the  mountains 
above. 

Of  this  rock  M.  Cordier  has  published  in  the  '  Annales 
des  Mines'  a  description  as  well  as  an  analysis,  and  from  both 
these  he  infers  that  it  is  analogous  to  the  alum  rock  of  Tolfa, 

*  Noggerath^  in  the  German  translation  he  has  published  of  these  Let- 
ters^  justly  remarks^  that  alum  rock  and  alum  stone  must  be  distinguished, 
the  former  serving  to  designate  a  species  of  rock,  the  latter  a  simple  mine- 
ral.   See  also  Leonhard's  '  Characteristik  der  Felsarten,'  vol.  ii.  p.  553. 
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like  which  it  yields^  on  exposure  to  heat  and  moisture,  nume- 
rous capillary  crystals  of  alum.  It  has  never  been  met  with 
in  situ,  but  it  seems  probable  that  if  the  middle  regions  of  the 
Pic  de  Sancy,  above  the  spot  to  which  it  has  been  brought  by 
the  torrents^  could  be  explored,  the  beds  of  tuff  which  there 
exist  might  be  found  to  contain  it. 

The  following  is  the  result  of  Cordier's  analysis  of  the  alum 
rock  of  Mont  Dor,  compared  with  that  of  the  alum  rock  and 
the  alum  stone  of  Tolfa,  Hungary  and  Montione: — 


Alum  rock 

of 
Mont  Dor. 

Alum  rock 

of 

Tolfiu 

Alum  rock 

of 

Tolfa. 

Alum  lUme 

of 
Hungary. 

Alum  atone  Alum  •tone 
'     of                of 
TnUa.       Montione. 

Cordier. 

Vamgnelin. 

Klafroth. 

JtfaprWA. 

Corner. 

ColM 
DeteoHU, 

Sulphuric  acid... 
Aluniina  

2703 
31-80 
5-79 
3-72 
28-40 
1*44 
1-82 

35-00 

43-92 

6-08 

4-00 

24-00 

16-5 

190 

40 

3-0 

56-5 

"i-'o 

12-50 

17-50 

1-00 

500 

62-25 

'i-75 

35-495 
39-654 
10-021 
14-830 

a  trace 

35-6 
40«0 
13-8 
10-6 

Alkali  

Water 

Silex 

Oxide  of  iron  ... 
Loss 

100- 

100- 

100- 

100' 

100- 

100- 

In  my  Letters  to  Professor  Jameson^  published  in  the  fourth 
number  of  his  Journal,  I  noticed  some  dykes  of  vesicular  lava 
which  traverse  the  tufa  at  the  waterfall  called  the  Grande 
Cascade  de  Mont  Dor*. 

From  the  absence  of  any  dislocation  or  hardening  of  the 
rock  which  they  traverse,  I  inferred  that  they  were  processes 
given  off  from  the  basaltic  lava  of  the  cliff  above,  which  might 
have  insinuated  itself  in  a  liquid  state  into  the  cracks  or  fis« 
sures  of  the  subjacent  rock,  rather  than  the  rents  caused  by 
the  basalt  in  the  act  of  attaining  the  position  which  it  now 
occupies. 

I  perceive  that  M.  Ramond  adopts  the  same  opinion  with 
reference  to  the  place  in  question  f,  which  indeed  is  confirmed 
by  the  fact  of  the  dykes  appearing  to  terminate  in  the  tufa 
beneath ;  but  I  must  at  the  same  time  remark,  that  in  the 
volcanic  districts  which  I  have  since  examined,  the  dykes  that 

*  In  this  section  we  observe  the  superposition  both  of  trachyte  and  tra* 
chytic  conglomerate  on  basalt :  see  Scrope's  Memoir, 
f  Nivellement  Barom^trique  de  Mont  Dor. 
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appeared  to  be  of  the  most  modern  date  did  not  seem  to 
have  so  generaUy  affected  the  rock  contiguous^  as  the  more 
ancient  ones  had  done. 

I  should  also  expect^  from  what  I  have  since  seen  among 
the  German  volcanos^  that  the  basalt  which  caps  the  table- 
land of  Mont  Dor  has  been  ejected  through  the  medium  of 
dykes  rather  than  of  craters^ ^  and  it  is  therefore  not  impro- 
bable that  those  of  the  Grande  Cascade  de  Mont  Dor  may 
be  among  the  number  of  these  vents.  I  am  still  however  of 
opinion,  that  the  dykes  of  volcanic  tuff  that  occur  in  Cantal, 
of  which  several  are  mentioned  by  Steininger,  and  one  has 
been  noticed  by  myself  in  the  communication  alluded  to,  are 
nothing  more  than  an  upfilling  of  fissures  that  existed  in  the 
subjacent  rock ;  add  I  am  confirmed  in  this  idea  from  having 
seen  at  the  foot  of  the  Siebengebirge,  on  the  Rhine,  similar 
veins  of  trass  filling  up  the  cracks  in  a  rock  of  the  same 
description  which  there  encircles  the  trachyte. 

Although  trachyte  rests  immediately  upon  granite,  and 
therefore  constitutes  the  oldest  volcanic  formation  of  the 
district,  it  is  nevertheless  seen  rising  also  to  the  most  elevated 
portion  of  the  range.  Thus  the  Pic  de  Sancy,  the  highest 
point  above  the  valley  of  the  Baths,  and  the  other  eminences 
which  form  together  the  crest  of  the  hills  which  we  cross  on 
our  road  from  thence  into  the  Cantal,  are  composed  of  trachyte 
which  is  also  seen  traversing  in  dykes  the  subjacent  tuff. 

Other  eminences  which  rise  above  the  table-land  of  Mont 
Dor,  as  the  Peaks  of  Sanadoire  and  Tuilliere,  consist  of  por- 
phyry slate,  or  clinkstone,  which  some  regard  as  a  modifica* 
tion  of  trachyte ;  but  as  this  rock  occurs  more  extensively  in 
Cantal,  I  shall  reserve  the  consideration  of  it  till  I  come  to 
speak  of  that  province. 

From  the  above  brief  description  of  the  geological  structure 
of  the  Mont  Dor  range,  it  will  be  readily  collected,  that  aU 
though  volcanic,  it  presents  few  features  of  resemblance  to  the 
vicinity  of  Clermont.  Indeed  not  only  are  the  individual 
rocks  more  compact,  and  the  amount  of  scoriform  matter, 

*  Steininger,  in  his  Tract  on  Auvergne  above  cited,  notices  dykes  of 
trachyte  near  Murat,  and  of  basalt  at  Theyzac,  both  in  Cantal.  I  did  not 
Qbsenre  them. 
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except  it  be  pumice^  less  considerable,  but  their  general  con- 
figuration collectively  taken  bears  more  analogy  to  that  of  the 
metamorphic  or  stratified  rocks  which  occur  in  other  loca- 
lities than  to  the  ordinary  constituents  of  modem  volcanos. 

MM.  Dufr6noy  and  Elie  de  Beaumont,  in  their  Memoir'*',  conceive, 
that  its  structure  may  be  best  explained  upon  the  supposition  that 
the  volcanic  rocks  composing  the  entire  district  were  at  first  spread 
almost  horizontally  over  the  surface  of  the  suhjacent  granite ;  that 
afterwards  they  were  heaved  up  in  three  different  points,  the  Puy  de 
Sancy  heing  the  centre  of  one  elevation,  the  rocks  Sanadoire,  Tuil- 
li^re,  &c.  of  the  second,  the  Puy  de  la  Tache  of  the  third.  These 
are  all  points  of  the  greatest  elevation  that  occur  in  the  vicinity  of 
the  Baths  of  Mont  Dor,  the  latter  standing  in  a  valley  which  was 
caused  originally,  not  by  the  erosive  action  of  water,  but  by  the 
disruption  in  the  rocks  themselves  consequent  upon  the  elevation  of 
the  range  at  these  several  points. 

It  is  evident  that  the  strata  would  he  inclined  in  every  direction 
from  the  points  at  which  the  elevatory  movement  took  place,  and  it 
is  also  evident  that  great  clefts  or  fissures  would  be  formed  on  the 
slope  of  the  cone,  as  the  surface  over  which  the  elevated  mass  would 
be  spread  must  be  more  extended  than  that  which  it  occupied  when ' 
in  a  more  horizontal  position. 

Elie  de  Beaumont  has  given  a  mathematical  aspect  to  the  discus- 
sion, by  calculating  what  proportion  the  fissures  ought  to  bear  to  the 
size  and  altitude  of  the  elevated  mass,  and  has  laboured  to  show, 
that  the  actual  condition  of  those  both  in  Cantal  and  in  Mont  Dor 
corresponds  with  this  calculation. 

Such  questions  however  will  come  before  us  at  a  later  period, 
and  all  I  need  at  present  say  with  respect  to  the  structure  of  Mont 
Dor  is,  that  the  difficulty  of  referring  those  sheets  of  trachyte  and  of 
conglomerates  which  constitute  the  principal  mass  of  the  Mont  Dor 
range,  to  any  series  of  operations  of  the  kind  we  witness  in  an  exist- 
ing volcano,  as  well  as  that  of  explaining  by  the  action  of  running 
water  the  formation  of  deep  valleys  like  that  in  which  the  Baths 
are  situated,  may  reconcile  us  to  having  recourse  to  an  hypothesis 
which  assumes  a  more  powerful  and  violent  operation  of  these  same 
igneous  agents,  than  is  experienced  under  present  circumstances. 

The  French  geologists  alluded  to  lay  great  stress  also  on  the 
decided  difference  of  structure  existing  between  the  volcanic  rocks 
of  Mont  Dor,  and  those  which  have  been  erupted  in  more  modern 


*  Memoires  pour  servir,  ete.,  vol.  ii. 
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times  near  Clermont, — a  distinction  which  I  had  made  the  basis  ol 
my  classification  of  the  rocks  of  Auvergne  into  ante-diluvial  and 
posUdihtvial,  or,  as  at  present,  into  ancient  and  modem. 

They  contend  that  there  is  no  instance  of  a  modem  couUe,  which 
has  flowed  down  a  slope  so  much  inclined  as  that  of  the  mountains 
under  consideration,  assuming  a  basaltic  character,  a  surface  nearly 
level  being  essential  for  that  tranquillity  in  which  the  lava  must 
remain  during  the  period  of  its  cooling,  in  order  that  the  particles 
should  arrange  themselves  in  a  compact  and  crystalline  form. 

Volcanic  Rocks  of  Cantal. 

In  describing  the  rocks  found  at  Mont  Dor^  I  have  said 
almost  all  that  appears  necessary  respecting  the  trachyte  of 
Auvergne^  for  that  in  the  Cantal  is  distinguished  chiefly  by 
its  more  compact  form,  and  by  the  rarer  occurrence  of  scori- 
fied matter  intermixed. 

This  formation  is  also  occasionally  capped  with  basalt^  as 
at  the  Plomb  du  Cantal,  the  highest  point  in  the  range^  and 
the  same  rock  likewise  descends,  as  it  does  at  Mont  Dor^  to 
a  comparatively  low  level;  so  that  Steininger  has  adopted 
with  respect  to  it,  the  same  hypothesis  with  regard  to  the 
existence  of  a  basaltic  formation  interstratified  with  trachy  te^ 
though  apparently  without  adducing  any  more  decided  proofs 
of  such  an  alternation  *. 

The  highest  rocks  in  Cantal  are,  however^  mostly  capped 
with  the  same  porphyry  slate  which  is  found  at  Mont  Dor^ 
composing  the  two  isolated  peaks  near  Rochfort^  called  Sana- 
doire  and  Tuilli^re. 

The  mineralogical  characters  of  this  rock  approach  so 
nearly  to  those  of  some  varieties  of  trachyte,  that  Daubuisson 
regards  it  as  a  modification  of  that  rock  t ;  but  in  the  case 
before  us,  there  does  not  appear  to  be  any  passage  firom  the 
one  into  the  other,  and  the  limits  of  the  two  formations  are 
very  distinctly  marked,  especially  in  the  former  instance,  by 
the  more  harsh  and  rugged  outUne  of  that  portion  of  the 

*  See  Steininger,  Erloschenen  Vulkane  in  Siid  frankreich,  p.  202. 

t  This  opinion  is  also  adopted  by  M.  Burat  (D^.  de  France  Centrale, 
p.  76) ;  bat  he  admits  that  the  trachytes  composing  the  upper  parts  of  the 
hills  have  much  of  the  characters  of  clinkstone,  although  the  latter  is 
actually  confined  only  to  one  locality,  between  the  valleys  of  the  C^re  and 
the  Jordanne. 
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mountain  which  is  composed  of  porphyry  slate.  From  the 
indestructible  nature  of  this  rock^  the  hills  in  Cantal  art 
usually  covered  towards  their  surface  with  massive  frag- 
ments of  a  greyish  colour  and  great  hardness^  whereas  the 
trachyte  beneath  decomposes  in  a  more  rapid  and  uniform 
manner. 

Nor  can  there  be  a  greater  contrast  than  between  the 
luxuriance  of  some  of  the  valleys,  as  that  of  Theyzac,  in 
which  the  substratum  is  of  trachyte,  and  the  extreme  bar- 
renness of  the  higher  parts,  which  are  composed  of  clink- 
stone. 

I  am  therefore  inclined  to  believe  this  rock  to  be  a  forma- 
tion distinct  from  the  trachyte  underneath  it,  of  the  same  age 
probably  as  the  basalt  of  Mont  Dor ;  and  when  we  recollect, 
that  in  the  Siebengebirge,  near  the  Rhine,  basalt  and  trachyte 
occur  together  without  any  determinate  order,  and  that  in 
the  hills  near  the  Lake  of  Constance,  the  former  species  of 
rock  is  found  associated  with  clinkstone  in  such  a  manner 
as  leads  one  to  suppose  that  both  are  products  of  the  same 
sera,  we  need  not  be  surprised  at  seeing  the  porphyry  slate 
in  Cantal  take  the  place  of  the  basalt,  which  is  spread  over 
the  surface  of  Mont  Dor. 

I  have  already  alluded  to  the  tuff  which,  in  the  latter  chain, 
is  found  associated  with  trachyte.  A  similar  rock  occurs  in 
greater  abundance  throughout  Cantal,  and  is  there  distin- 
guished by  the  grotesque  appearance  which  it  assumes,  pre- 
senting to  the  eye  a  range  of  mural  precipices,  broken  into  a 
number  of  fantastic  shapes, — a  circumstance  very  charac- 
teristic of  rocks  of  this  description,  both  here  and  in  the 
neighbourhood  of  the  Puy  en  Velay. 

In  Cantal  the  tuff  is  best  displayed  near  the  village  of 
Theyzac,  on  the  road  from  Aurillac  to  Murat,  where  it  is 
placed  between  two  beds  of  trachyte,  being  found  rather  less 
than  half-way  up  on  either  side  of  the  hills  which  bound  the 
valley,  whilst  the  summit  and  base  alike  consist  of  trachyte. 
It  dips  gradually  to  the  east ;  so  that  about  half  a  league 
from  Theyzac,  on  the  road  to  Murat,  it  reaches  the  level  of 
the  road.  Different  as  the  tuff  appears  from  the  trachyte 
which  it  accompanies,  it  will  be  found  on  examination,  that 
the  fragments  which  it  contains  are  cemented  always  by  a 
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of  the  latter  rock,  and  that  a  passage  from  the  one  to 
the  other  proceeds  by  imperceptible  gradations.  The  frag- 
ments consist,  in  general,  of  a  trachyte  of  a  more  compact 
character  than  the  paste  which  cements  them,  but  we  also 
find  basalt  and  cellular  lava  intermixed;  and  I  remarked 
beds  or  veins  of  the  same  description  of  stone,  which,  when 
speaking  of  Mont  Dor,  I  have  compared  to  the  trass  of  the 
Rhine  volcanos.  A  little  beyond  Theyzac,  near  Vic  en 
Carladez,  a  mass  of  this  rock  occurs  included  apparently  in 
the  midst  of  the  tufi^,  and  with  its  layers  irregularly  incur- 
vated,  forming  a  sort  of  arch,  which,  though  on  a  smaller 
scale,  reminded  me  of  one  of  clay  porphyry  which  I  had 
observed  in  Arran,  and  which  is  represented  in  the  plates  to 
Dr.  MaccuUoch's  work  on  the  Western  Islands. 

The  tuff  in  some  places,  as  at  Salers,  is  composed  of 
minute  fragments  so  highly  charged  with  oxide  of  iron,  that 
it  has  much  the  appearance  of  a  ferruginous  sandstone.  In 
this  state  it  sometimes  contains  impressions  of  leaves  and 
branches  of  trees,  which  appear  in  no  respect  mineralized,  but 
are  carbonized  and  reduced  to  an  impalpable  powder  by  the 
ordinary  process  of  decay.  In  other  cases,  where  the  tree 
has  wholly  disappeared,  the  hollow  which  it  occupied  in  the 
midst  of  the  tuff  still  remains.  This  circumstance  tends,  in 
a  still  greater  degree,  to  identify  the  tuff  of  Auvergne  with 
the  trass  of  the  Rhine  volcanos. 

The  greater  part  of  this  rock,  no  less  than  the  trachyte 
of  Cantal,  appears  to  be  posterior  to  the  calcareous  formation 
of  the  valleys ;  in  one  instance  only,  in  the  valley  of  Font- 
anges,  have  I  observed  any  appearance  of  alternation  between 
them,  in  which  case  a  thin  calcareous  bed  of  considerable 
hardness  is  seen  resting  upon  a  tuff  in  which  the  fragments 
are  held  together  by  a  trachytic  base,  and  which  is  covered 
by  the  same  material. 

This  appearance  however  is  probably  deceptive,  and  may 
have  arisen  from  the  dislocation  occasioned  in  the  freshwater 
strata  by  the  eruption  of  the  trachyte. 

Many  instances  of  this  disturbance  occur  between  Aurillac 
and  Murat,  and  numerous  fragments  of  calcareous  rocks,  and 
of  their  accompanying  flints,  are  scattered  over  the  trachytic 
conglomerates. 


56  CENTRAL   FRANCE. 

There  is  therefore  nothing  to  prevent  our  referring  the 
oldest  volcanic  rocks  of  Cantal  to  a  period  somewhat  more 
recent  than  that  of  the  freshwater  rocks  of  the  district, 
which  latter  appear  to  be  of  the  same  age  as  those  of  the 
plain  of  Limagne. 

Now  Mr.  Lyell  has  shown  that  the  freshwater  formations 
of  Central  France  are  referable  to  the  Eocene  period,  or  to  the 
oldest  of  his  tertiary  series,  from  their  containing  only  a  small 
number  of  living  species  of  testacea. 

The  discovery  of  bones  belonging  to  the  Mastodon,  and  to 
extinct  species  of  several  existing  genera  of  animals,  in  a  bed 
of  fine  sand  covered  by  the  volcanic  tuff  of  Mont  Perrier 
near  Issoire  *,  completes  the  analogy  between  the  tertiary  beds 
of  Central  France  and  those  of  the  Paris  basin  f. 

The  resemblance  which  they  bear  in  the  Cantal  to  chalk, — 
a  resemblance  rendered  more  striking  from  the  abundance  of 
flints  which  are  interstratified  with  the  rock, — struck  me 
forcibly  in  my  tour  through  that  province,  and  as  Mr.  Lyell 
observes,  is  well-calculated  to  put  the  student  upon  his  guard 

*  This  discovery  is  announced  in  the  Bulletin  des  Sciences  fof  Novem- 
ber 1824,  p.  328,  in  an  extract  from  a  memoir  read  by  M.  le  Comte 
Laizer  at  the  annual  meeting  of  the  Philosophical  Society  of  Clermont  in 
Auvergne.  Between  Champeix  and  Issoire,  an  elevated  platform  occurs, 
2000  feet  above  the  sea,  which  consists  of  a  bed  of  alluvial  matter,  com- 
posed of  fragments  of  pumice  and  trachyte  cemented  by  the  usual  argilla- 
ceous paste.  It  is  overlaid  by  and  alternates  with  masses  of  trachytic 
breccia.  The  hill  is  capped  with  basalt.  In  the  alluvial  bed  are  the  bones 
of  no  less  than  twenty  extinct  species  of  Mammalia,  several  of  which  have 
been  pronounced  by  Cuvier  to  be  new. 

Among  the  Pachydermata  are,  the  Mastodon,  Elephant,  Rhinoceros, 
Hippopotamus,  Tapir. 

Ruminantia — two  species  of  Ox  like  the  Auroch,  and  two  species  of  Stag, 
— all  four  extinct. 

Rodentia — a  Beaver. 

Carnivora — two  new  species  of  Bear,  three  species  of  the  G.  Felts  like 
the  Panther,  one  species  of  Hyaena,  one  species  of  Fox,  one  species  of  Otter, 
— all  of  them  new. 

Besides  the  above,  occur  bones  of  Birds  and  impressions  of  Fish. 

t  The  repeated  alternations  of  trachytic  breccia  and  alluvium  containing 
fossil  bones  at  this  locality  are  strongly  insisted  upon  by  Messrs.  Lyell 
and  Murchison,  in  proof  of  the  long  intervals  of  time  which  must  have 
elapsed  between  the  several  volcanic  eruptions,  as  well  as  of  the  impossi- 
bility of  referring  these  alluvia  to  other  than  existing  causes. 
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against  too  implicit  a  reliance  on  lithological  characters  as 
tests  of  the  relative  ages  of  rocks  *• 

With  regard  to  the  general  structure  of  the  mountain  group  just 
described,  M.  £lie  de  Beaumont  observes,  that  it  is  still  more  simple 
than  that  of  Mont  Dor,  constituting  in  the  aggregate  one  single 
elliptical  cone  channeled  in  its  centre,  and  intersected  by  valleys 
with  abrupt  sides  radiating  towards  the  circumference. 

For  reasons  similar  to  those  I  have  briefly  stated  with  reference 
to  the  similar  group  of  Mont  Dor,  he  conceives  that  the  rocks  com- 
posing it  occupied  a  nearly  horizontal  position  when  first  poured 
forth  from  the  interior  of  the  globe ;  but  that  they  were  afterwards 
made  to  assume  their  present  conical  form  by  an  elevatory  move- 
ment, the  focus  of  which  he  places  underneath  the  Puy  de  Griou. 

This,  with  the  Rock  of  Usclade  and  two  other  eminences,  all 
composed  of  porphyry  slate,  are  the  four  culminating  points  of  a 
ridge  embracing  three-fourths  of  a  circle,  with  a  hollow  in  its  interior 
now  forming  an  excellent  pasturage. 

From  this  central  point,  the  valleys  of  Mandailles,  of  Vic,  of  Murat 
and  others  diverge,  and  from  it  the  beds  of  trachyte,  of  basalt,  and 
of  conglomerate  dip  in  all  directions,  at  an  angle  not  exceed- 
ing 12^. 

This  then,  according  to  the  above  eminent  geologist,  was  the 
point  at  which  the  elevatory  movement  took  place,  and  the  above- 
mentioned  valleys  are  the  fissures  originally  caused  by  the  foroe 
which  compelled  that  inelastic  mass  to  assume  an  inclined  position 
instead  of  its  original  one,  which  was  horizontal.  The  two  prin- 
cipal valleys,  that  of  Mandailles  and  of  Vic,  present  a  series  of 
escarpments  receding  one  behind  the  other,  which  contrast  in  a 
very  marked  manner  with  the  gentle  inclination  of  other  minor 
valleys  produced  by  aqueous  erosion. 

M.  Elie  de  Beaumont  has  entered  into  the  same  calculations  here 
as  in  the  case  of  Mont  Dor,  and  maintains  that  the  width  and 
number  of  the  fissures  caused  by  the  disruption  correspond  in  fact 
with  those  which  ought  to  have  resulted  from  the  elevation  of  such 

a  mass  of  rock  to  the  height  which  it  now  possesses. 

« 

Volcanic  Rocks  in  the  Velay. 

About  fifty  miles  further  to  the  south,  in  the  neighbour- 
hood of  the  town  of  Puy  en  Velay,  an  extensive  formation  of 

*  Lyell,  Princ.  Geol.  vol.  iii.  p.  23S. 
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tuff  occurs,  resting  on  sti^ta  of  tertiary  formation^  but  covered 
by  alluvial  detritus. 

The  tuff  is  composed  of  fragments  of  scoriform  lava  and 
basalt^  with  the  debris  of  various  other  rocks^  all  cemented 
together  by  sand  and  wacke.  It  appears  at  one  time  to  have 
overspread  the  valley  in  which  the  town  of  Puy  is  situated^ 
but  since  to  have  been  in  great  measure  swept  away  by 
the  action  of  water  and  by  other  causes.  Owing  however 
to  the  unequal  degree  of  consistence  possessed  by  different 
portions  of  this  formation^  it  has  been  affected  by  these 
agents  in  a  very  irregular  manner ;  and  hence  it  has  hap- 
pened^ that  in  the  midst  of  the  valley  caused  by  the  destruc- 
tion of  the  tuff,  several  detached  hillocks  appear^  which,  from 
their  singularly  abrupt  and  almost  pyramidal  form,  look  at  a 
distance  rather  like  artificial  constructions  than  the  result  of 
natural  causes. 

Such  is  the  hill  on  which  the  cathedral  and  part  of  the 
town  of  Puy  is  situated — that  near  the  village  of  Expailly, 
celebrated  for  the  crystals  of  zircon  and  hyacinth  which  it 
contains — and  still  more  remarkably  the  rock  of  St.  Michael^ 
the  height  of  which,  according  to  Faujas,  is  200,  whilst  its 
diameter  is  only  170  feet*. 

It  is  curious  that  the  same  tapering  figure  which  we  view 
with  surprise  in  the  Alps,  and  consider  as  characteristic  of 
rocks  of  the  most  compact  texture,  should  in  this  instance 
be  found  belonging  to  a  stratum  consisting  of  loose  materials 
and  of  a  date  so  modern  t« 

*  "  Une  espece  de  grande  ob^isque,  fa^onnd  des  mains  de  la  nature." 
Faujas,  Vole,  du  Viv,  p.  342. 

t  Sir  John  Herschel  has  however  given  the  Geological  Society  an  ac- 
count of  a  still  more  abrupt  figure  belonging  to  hills  made  up  of  even  more 
unstable  materials.  '  It  occurs  in  the  T)toI,  where  masses  of  diluvial  matter, 
consisting  of  pebbles  loosely  cemented  by  sand,  are  seen  to  form  a  succes- 
sion of  pyramidal  hills  even  more  precipitous  than  those  of  the  Puy.  In 
this  instance  the  effect  is  explained  by  observing  that  the  portions  of  the 
diluvial  matter  which  rise  in  this  abrupt  manner  above  the  rest  have  been 
protected  from  the  action  of  rain,  for  we  may  observe  on  the  top  of  every 
one  of  these  a  large  stone  which  shielded  the  parts  immediately  under- 
neath it. 

I  have  observed  a  somewhat  similar  effect  in  the  Spanish  province  of 
Estremadura,  resulting  from  the  indestructible  character  of  the  quartz 
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The  tuff  about  the  Puy  is  also  associated  with  masses  of 
compact  basalt,  which  seem  in  general  to  rest  upon,  but  in 
some  instances  have  the  appearance  of  being  intermixed  with 
it.  Thus,  near  the  tufaceous  rock  of  Expailly,  just  noticed, 
is  another  isolated  knoll,  which  consists  of  columnar  basalt, 
and  in  like  manner,  at  St.  Pierre  Eynac,  a  village  at  a  short 
distance  from  the  Puy,  the  basalt  seems  to  alternate  in  beds 
with  the  tuff. 

It  appears  to  me,  that  a  key  to  the  true  explanation  of 
these  phaenomena  may  be  obtained  by  considering  the  struc- 
ture and  position  of  an  isolated  mass  of  basalt  near  the  Puy, 
called  the  Rocher  Rouge.  This  rock  is  superimposed  on  the 
slope  of  a  granitic  hill,  from  which  it  rises  to  the  height  of 
more  than  100  feet,  and  has  all  the  appearance  of  an  enor- 
mous dyke,  both  from  the  shattered  condition  of  the  granite 
round  it,  and  from  the  manner  in  which  the  latter  is  seen  on 
one  side  to  lean  against  the  protruding  mass. 

Where  the  granite  has  been  by  accident  removed,  the 
basalt  is  seen  rising  as  it  were  from  beneath  it ;  and  from 
the  principal  mass  are  seen  to  spring  two  dykes,  which  pene- 
trate the  former  rock  horizontally  to  a  considerable  distance. 
Fragments  of  granite  are  also  to  be  met  with  imbedded  in 
the  substance  of  the  basalt. 

Yet  notwithstanding  these  unequivocal  proofs  of  igneous 
ejection,  it  seems  impossible  that  the  basalt  should  have 
originally  stood  in  the  position  it  now  occupies,  imless  it  had 
been  at  that  time  supported  by  some  surrounding  stratum ; 
and  the  most  simple  explanation  consequently  is  to  suppose 
that  the  granite  in  this  situation  was  once  covered  with  tuff, 
which  the  action  of  the  waters  has  since  swept  away. 

By  the  occiurence  of  similar  dykes  thrust  up  in  other 
places  through  the  midst  of  the  tuff,  and  sometimes  pene- 
trating it  horizontally,  I  should  account  for  the  basalt  seen 
intermixed  with,  as  well  as  covering  this  volcanic  breccia. 

rock  which  caps  the  clay-slate  formation  of  that  district.  Hence  those 
low  ridges  of  hills  with  flattened  summits,  which  here  and  there  intersect 
the  comparatively  level  surface  of  the  clay-slate  formation,  have  arisen 
from  the  quartzose  covering  which  protected  these  portions  from  the  action 
of  the  elements.  See  Memoir  on  the  Phosphorite  of  Estremadura,  Royal 
Agric.  Journal,  vol.  v.  part  2. 
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I  cannot  pretend  however  to  have  studied  the  geology  of 
this  neighbourhood  with  the  attention  requisite  for  deter- 
mining the  relation  of  all  the  rocks  included  under  this  series 
to  each  other,  and  must  therefore  refer  to  M.  Bertrand  Roux's* 
excellent  description  of  the  environs  of  Puy  for  further  par- 
ticulars. 

From  his  statement  it  would  appear  that  the  volcanic  rocks 
of  this  neighbourhood  are  of  very  different  ages^  although  he 
infers  the  extreme  antiquity  even  of  the  most  modern  of  them 
by  contrasting  the  depth  to  which  they  have  been  excavated^ 
and  the  vast  quantity  of  matter  removed,  with  the  almost 
imperceptible  amount  of  decay  which  has  taken  place  in  the 
same  rocks  since  the  Christian  aera,  as  shown  in  the  old  Roman 
roads,  none  of  which  can  be  less  than  1300  years  old,  by  the 
side  of  which  the  rock  has  since  undergone  scarcely  any  sen- 
sible abrasion. 

A  limit  on  the  other  hand  is  set  to  the  age  that  can  be 
assigned  to  this  volcanic  breccia,  by  the  circumstance  of  its 
being  superposed  on  strata  containing  freshwater  shells  and 
bones  of  mammalia  t  similar  to  those  of  the  basin  of  Paris. 
Hence  the  eruptions  to  which  the  materials  of  this  tuff  owe 
their  existence  must  date  their  commencement  from  a  period 
somewhat  subsequent  to  that  of  the  Eocene  formation. 

The  same  remark  will  apply  to  that  extensive  volcanic 
formation  near  the  Puy  which  ranges  from  south-east  to 
south-west,  forming  the  elevated  ridge  which  separates  the 
Velay  from  the  neighbouring  province  of  the  Vivarais. 

The  principal  rocks  in  this  district  are  trachyte  and  por- 
phyry slate,  the  latter  generally  superimposed ;  on  the  flanks 
however  are  occasionally  seen  detached  patches  of  basalt, 
which  seem  to  belong  to  the  formation  covering  the  tuff  on 
the  hills  about  the  Puy. 

It   would   nevertheless    appear,   that  the   whole   of  this 

♦  D^script.  des  envir.  du  Puy  en  Velay,  1823. 

t  Cuvier  has  ascertained  that  they  belong  to  the  genus  Palseotherium 
and  Anthracotherium  ;  the  former  contained  in  a  gypseous  deposit  similar 
to  that  of  Montmartre;  the  latter  in  a  calcareous  rock,  in  which  were  found 
freshwater  shells.  The  same  bed  inclosed  bones  of  other  mammalia,  and 
portions  of  the  shell  of  the  Turtle. 
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trachytic  mass  was  of  later  date  than  the  tuff,  no  beds  of  con- 
glomerate being  found  alternating  with  it,  and  no  fragments 
of  trachyte  or  clinkstone  existing  in  the  tuff  which  occurs  in 
the  valleys  below,  except  indeed  in  the  very  uppermost  mem- 
bers of  that  formation,  which  are  met  with  chiefly  on  its 
western  slope. 

It  would  therefore  seem,  first,  that  the  emission  of  trachyte 
was  not  accompanied  with  ejections  of  pulverulent  or  frag- 
mentary materials ;  and  secondly,  that  its  production  must  be 
assigned  to  the  epoch  at  which  these  upper  beds  of  tuff  were 
deposited,  and  consequently  to  a  comparatively  recent  period 
in  the  history  of  our  planet. 

Are  we  then,  it  may  be  asked,  to  ascribe  the  abrupt,  and 
sometimes  almost  pyramidal  form  of  many  of  these  phono- 
litic  eminences  to  the  slow  erosive  action  of  atmospheric 
agents  ?  The  small  amount  of  detrital  matter  seen  at  their 
base,  as  well  as  the  insignificance  of  the  streams  which  either 
now  or  at  any  former  period  can  be  supposed  to  have  been  in- 
strumental in  moulding  their  external  surfaces,  seem  opposed 
to  such  a  supposition,  whilst  the  sharpness  and  tapering 
character  of  their  summits  show  that  they  cannot  have  stood 
originally  quite  so  isolated  and  detached  as  they  do  at  the 
present  time. 

Upon  the  whole,  it  seems  most  reasonable  to  suppose,  that 
their  original  form  from  the  commencement  approximated 
to  their  actual  one,  and  that  they  were  produced  in  conse- 
quence of  a  greater  accumulation  of  volcanic  matter  taking 
place  immediately  around  the  points  of  emission  than  would 
elsewhere  occur. 

The  most  elevated  point  in  the  trachytic  and  clinkstone 
formation  of  this  part  of  France  is  the  Mont  Mezen  *,  which 
rises  to  the  height  of  5900  feet  above  the  level  of  the  sea ; 
and  the  next  in  point  of  height  is  the  singular  conical  hill 
called  Gerbier  de  Jones,  which  is  composed  entirely  of 
clinkstone  porphyry,  so  fissile  as  to  be  used  for  a  roofing 
slate. 

Neai:  the  Mont  Mezen  I  observed  a  small  lake,  that  of  St. 
Front,  having  somewhat  the  appearance  of  an  extinct  crater ; 

*  Or  Mezene,  as  Burat  spells  it. 
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but  there  is  little  in  the  character  of  the  surrounding  rocks 
to  countenance  such  an  opinion*. 

The  whole  indeed  of  this  elevated  table-land  appears  to 
have  been  formed^  not  only  at  a  very  ancient  period^  but^ 
like  the  Cantal  and  Mont  Dor  range^  under  different  circum« 
stances  from  those  of  existing  volcanos^  no  craters  being 
found  anywhere  in  this  district ;  although^  as  the  tuff  which 
mantles  round  its  eastern  slope  contains  no  fragments  of 
trachyte  or  of  phonolite  imbedded,  it  may  be  inferred,  that 
the  rock  which  constitutes  the  summit  of  the  Mescen  and 
other  high  points  has  been  thrown  up  through  the  midst  of 
the  tuff  by  the  agency  of  subterranean  heat. 

Thus,  during  a  period  antecedent  to  that  at  which  man  and 
other  existing  species  of  mammaUa  first  came  into  being,-— 
at  a  time  when  the  lower  parts  of  the  country  were  still  undet 
water,  but  the  higher  had  become  peopled  with  various  tribes 
of  land  animals,  the  neighbourhood  of  the  Puy  appears  to 
have  been  agitated  by  volcanos,  which,  overspreading  the 
country  with  their  ejected  materials,  may  have  caused  the 
destruction  of  the  animals  that  existed  there ;  and,  according 
to  M.  Roux,  by  obstructing  the  drainage  of  the  district,  have 
raised  the  waters  to  a  still  higher  level  than  before.  The 
ejected  materials,  intermixed  with  fragments  of  older  rocks 
washed  down  at  the  same  time  from  the  neighbouring  high 
ground,  would  be  deposited  at  the  bottom  of  the  water,  form- 
ing those  immense  masses  of  tuff  which  now  cover  the  valley 
of  Puy ;  and  during  the  latter  part  of  the  period  occupied 
by  this  process,  the  same  volcanic  forces  which  had  before 
poured  forth  these  melted  materials,  may  be  supposed  to 
have  elevated  from  the  midst  of  the  then  existing  lake, 
the  trachytic  rocks  which  constitute  the  ridge  of  Mont 
Mezen. 

But  besides  these  traces  of  volcanic  action  at  a  period 
antecedent  to  the  formation  of  the  valleys,  the  neighbour- 
hood of  the  Puy,  no  less  than  the  province  of  the  Vivarais 
which  bounds  it  on  the  south-east,  exhibits  also  decided 
evidence  of  eruptions  of  a  more  modern  date, 

*  M.  Burat,  however  (p.  236),  has  endeavoured  to  explain  how  such  a 
crater  might  have  been  produced. 
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WeBt  of  the  town  of  Puy  is  a  series  of  little  volcanos, 
amounting,  according  to  M.  Bertrand  Roux,  to  more  than  a 
hundred,  the  two  most  remarkable  of  which  are,  the  Lac 
de  Bouchet  and  the  Crater  of  Bar.  The  former,  which  is 
situated  near  the  villages  of  Cayre  and  Bouchet,  is  of  an 
elliptical  form,  and  without  any  outlet.  Its  depth  is  about 
90  feet,  and  its  greatest  diameter  2300.  The  character  of 
the  rocks  in  its  neighbourhood  corresponds  very  well  with 
the  idea  of  its  volcanic  origin.  The  Crater  of  Bar  is  placed 
on  an  isolated  mountain  in  the  midst  of  granite,  forming  a 
truncated  cone  about  20,000  feet  in  circumference  at  its 
base,  and  830  in  height.  It  is  composed  entirely  of  lapilli 
and  scoriform  lava,  and  on  its  summit  is  the  crater,  1660  feet 
in  diameter,  and  ISO  in  depth,  which  is  almost  perfect.  It 
appears  that  a  lake  once  existed  there,  but  it  is  now  nearly 
dried  up  *. 

Modem  Volcanoa  of  the  Vivarais. 

But  the  most  remarkable  instances  of  modern  volcanic 
action,  if  we  permit  ourselves  to  apply  the  term  modem  to 
all  those  igneous  products  that  have  followed  the  course  of 
the  now  existing  valleys,  are  to  be  seen  in  the  Bas  Vivarais. 

They  have  been  described  in  detail  by  Faujas  St.  Fond, 
by  Mr.  Scropef,  and  others ;  on  the  present  occasion  I  shall 
only  pretend  to  notice  two  or  three,  which  will  impart  some 
idea  of  their  general  characters  and  their  relations  to  the 
subjacent  rocks. 

One  of  the  most  remarkable  of  these  is  the  one  called  the 
Coupe  au  Col  d'Aizac,  near  the  town  of  Entraigues.  It  is 
a  conical  hill,  which  has  given  rise  to  a  stream  of  basaltic 
lava,  traceable  on  the  one  hand  from  a  crater-shaped  cavity 
on  its  summit,  and  to  be  followed  on  the  other  to  the  very 
bottom  of  the  valley  at  its  foot. 

Here  also  the  Volant,  a  stream,  the  course  of  which  was 
at  one  time  obstructed  by  the  lava  which  flowed  into  the 
valley,  has  cut  itself  a  new  channel  through  the  midst  of  it 

•  See  M.  Bertrand  Roux  sur  Ics  env.  de  Puv. 

t  Mr.  Scrope  enumerates  six  perfect  volcanic  cones,  yiz.  Ayzac,  Mont* 
pezat,  Borzet,  Thueyts,  Jaajac,  and  Souillols.  I  have  only  particularized 
the  first  two. 
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to  the  depth  of  no  less  than  seventy  feet ;  and  the  portion  of 
the  rock  which  forms  the  bed  of  the  river^  or  lies  immediately 
above  it,  alone  exhibits  a  columnar  an*angement. 

The  same  remark  applies  to  that  Une  of  basaltic  columns^ 
connected  probably  with  the  same  current,  which  is  seen 
extending  along  the  borders  of  the  river  Volant,  between 
Vals  and  Entraigues,  for  these  also,  though  they  doubtless 
extend  above  the  level  attained  by  the  stream  at  present,  are 
nevertheless  confined  to  the  lower  portions  of  the  rock. 

Similar  basaltic  colonnades  occur  in  many  of  the  other 
valleys  that  intersect  the  mountains  of  the  Vivarais,  and  I 
believe  their  position  in  every  instance  corresponds  with  that 
already  pointed  out. 

Another  conical  hill  from  which  a  similar  current  of  lava 
has  proceeded  is  La  Gravenne  de  Montpezat,  so  called  from 
the  fine  arenaceous  scoriae  with  which  its  surface  is  covered. 

The  lava  stream  is  of  a  basaltic  character,  and  may  be 
traced  continuously  into  the  valley  in  which  the  village  of 
Montpezat  is  situated.  Here,  having  intercepted  the  course 
of  the  river,  it  has  been  cut  through  in  more  than  one  spot 
by  the  gradual  operation  of  the  waters,  and  beautiful  ranges 
of  columns  are  in  consequence  displayed  along  the  course  of 
the  present  rivulet. 

Along  the  borders  of  the  river  Auliere,  near  the  village  of 
Columbier,  the  following  section  is  exposed : — 

1st.  At  the  base  of  the  hill  on  the  borders  of  the  river  is 
a  bed  of  rolled  pebbles,  consisting  of  the  granite  and  older 
volcanic  rocks  of  the  neighbouring  province, 

2nd.  Resting  on  this  is  a  bed  of  quartzose  sand  mixed  with 
particles  of  black  lava. 

3rd.  Next  occurs  black  porous  lava  covered  by  the  pris- 
matic basalt,  which  latter  serves  as  a  support  for  masses  of 
the  same  porous  lava  as  before,  extending  upwards  for  200 
feet  towards  the  conical  portion  of  the  hill  of  Montpezat,  from 
which  it  has  descended*. 

I  shall  not  detain  my  readers  by  enumerating  the  other 
volcanic  products  of  the  same  age  which  I  noticed  in  the 
Vivarais,  as  my  examination  was  of  a  very  hasty  nature,  and 
limited  to  ascertaining  their  general  relations.     There  is  in- 

*  See  Faujas  Si.  Fond,  Volcans  du  Vivarais. 
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deed  so  much  of  a  common  character  in  the  modern  lavas  of 
that  country,  that  a  detailed  description  would  be  of  more 
interest  with  reference  to  the  topography  of  that  part  of 
France,  than  to  the  natural  history  of  volcanos  in  general, 
and  is  now  at  least  superseded  by  the  publication  of  the 
beautifully  illustrated  Memoir  of  Mr.  Scrope,  Compared 
however  with  the  products  of  Etna  and  Vesuvius,  they  pre- 
sent one  important  difference,  namely,  in  their  more  com- 
pact and  basaltic  appearance ;  connected  with  which  is  the 
general  occurrence  of  a  columnar  arrangement,  not  like  that 
rude  approach  to  the  same,  which,  in  the  latter  locaUties, 
18  attributable  merely  to  the  contraction,  and  consequent 
splitting  of  the  mass,  but  one  arising  probably  out  of  a  ten- 
dency in  it  to  form  a  series  of  globular  concretions,  which 
hitter  the  pressure  exerted  by  the  parts  upon  each  other  has 
reduced  to  prisms  more  or  less  regular,  according  to  the 
circumstances  of  the  case  *. 

The  great  similarity  that  exists  between  the  volcanic  for- 
mations of  Auvergne  and  of  the  Vivarais,  in  age  as  well  as 
in  character,  is  sufficiently  apparent  from  the  facts  already 
stated. 

In  both  cases  we  have  proofs  of  volcanic  eruptions,  which 
seem  to  have  taken  place  since  the  principal  valleys  were 
excavated,  and  when  the  country,  in  all  its  leading  features, 
had  assumed  its  present  physiognomy,  although  it  may  be 
doubted  whether  even  the  latest  of  them  have  not  preceded 
the  earliest  dawn  of  history  or  tradition. 

With  respect,  indeed,  to  the  volcanos  of  Auvergne,  I  have 

*  Mr.  Scrope  remarks,  that  there  is  evidence  of  a  most  powerful  contrac-* 
tion  having  taken  place  in  the  columns,  from  the  circumstance  that  the  im- 
bedded knots  of  olivine  which  frequently  occur  in  them  are  severed  apart 
by  the  seam  which  separates  two  contiguous  columns.  Hence  he  argues, 
"  that  it  is  impossible  to  talk  any  longer  of  the  columnar  structure  being 
occasioned  by  the  mutual  pressure  of  spherical  concretions."  To  this 
I  may  reply,  that  a  degree  of  contraction  sufficient  to  produce  a  seam 
might  very  well  take  place  in  the  columns  c^ter  they  became  consolidated^ 
as  happens  in  glass  and  other  bodies ;  and  that  the  mutual  pressure  by 
which  the  spherical  concretions  are  supposed  to  have  been  converted  into 
irregular  prisms  would  occur  previously  to  their  consolidation,  whilst  in 
a  soft  and  pasty  state.  But  this  question  will  be  considered  more  fully 
in  ft  sobsequent  part  of  my  work. 
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already  endeavoured  to  maintain,  in  opposition  to  the  autho- 
rity of  a  learned  critic,  that  their  eruptions  had  terminated 
before  the  period  of  the  Roman  invasion ;  and  although  the 
testimony  of  Sidonius  Apollinaris  and  of  Alcimus  Avitus 
should  persuade  us  that  some  indications  of  activity  were 
manifested,  about  the  fourth  century  after  Christ,  by  the 
igneous  agents  that  may  be  supposed  to  exist  in  the  bowels 
of  the  earth  at  no  great  distance  from  the  city  of  Vienne  *, 
yet  it  would  seem  more  probable  that  the  reports  of  these 
writers  had  reference  to  earthquakes,  than  to  true  volcanic 
eruptions  that  occurred  in  this  district. 

One  thing  at  least  appears  certain,  namely,  that  the  phe- 
nomena recorded  must  have  been  confined  within  a  very 
short  period  of  time;  for  no  writer  anterior  to  that  epoch 
appears  to  have  noticed  anything  of  the  kind,  nor  has  any 
revival  of  igneous  operations  taken  place  in  the  province  sub- 
sequently. 

Now  although  we  have  many  examples  of  volcanos  which 
have  never  given  out  more  than  a  single  stream  of  lava,  yet^ 
I  know  of  none,  where  an  entire  volcanic  district,  after  having 
shown  symptoms  of  renewed  activity  at  any  one  period,  has 
sunk  immediately  aft;erwards  into  unbroken  repose.  Such  at 
least  has  not  been  the  case  at  Vesuvius,  after  it  awoke  from 
its  slumbers  in  the  first  century  of  our  aera,  nor  at  Etna,  after 
it  had  burst  forth  afresh  in  the  time  of  Pindar  andThucydides; 
whereas  Asia  Minor  and  many  other  localities  afford  examples 
of  extinct  volcanos,  like  those  of  Central  France,  which  have, 
within  the  historical  period,  become  the  theatres  of  fearful 
earthquakes,  although  occurring  only  at  distant  and  uncer- 
tain epochs. 

I  am  inclined  therefore  to  ascribe  to  the  most  modern 
class  of  volcanos  in  Auvergne  and  the  Vivarais,  the  same 
remote  antiquity  t ;  and  in  like  manner  it  would  seem,  that 

•  There  are  no  volcanos  near  Vienne,  but  the  bishop's  diocese  may  have 
extended  into  the  neighbouring  department  of  Ardeche,  where  they  occur 
so  abundantly. 

t  M.  Burat  is  disposed  to  regard  the  most  modern  eruptions  of  the  Viva- 
rais as  more  ancient  than  the  latest  of  those  of  Auvergne,  for  he  remarks, 
that  in  the  case  of  the  latter,  at  Aidat  and  elsewhere,  the  river  has  not  had 
time  to  cut  through  the  opposing  barrier  of  lava,  whereas  in  the  Vivarais, 
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those  of  a  more  ancient  date  in  both  districts  belong  to  a 
similar  age,  as  the  trachytes  and  tuffs  in  either  are  super- 
imposed on  calcareous  and  other  rocks  appertaining  to  the 
Eocene  period. 

In  either  case,  the  general  tenor  of  the  phaenomena  might 
lead  us  to  the  conclusion,  that  at  the  time  when  these  latter- 
mentioned  eruptions  occurred,  the  waters  of  the  ocean  had  re- 
tired from  the  country ;  but  that  there  existed  in  the  low  land 
extensive  lakes,  to  which  we  may  attribute  the  formation  of 
the  calcareous  and  gypseous  deposits  with  freshwater  shells, 
seen  alike  in  the  valleys  of  Cantal,  of  the  Limagne,  and  of  the 
Puy. 

These  eniptions  seem  to  have  given  rise  more  generally  to 
a  volcanic  tuff  or  breccia,  but  associated  with  the  latter  are 
those  trachytic  lavas,  which  we  refer  to  the  same,  or  to  a 
somewhat  more  recent  epoch.  The  trachyte  of  Cantal,  for 
example,  seems  to  be  contemporaneous  with  the  tuff  which 
rests  upon  the  Eocene  limestone  at  Salers ;  but  its  greater 
compactness,  and  the  absence  of  cellular  products,  lead  us  to 
imagine  it  more  ancient  than  the  analogous  formation  which  I 
have  described  as  existing  at  the  Mont  Dor.  This  corresponds 
well  with  what  M.  Bertrand  Roux  has  inferred  with  respect 
to  the  age  of  the  trachyte  and  porphyry  slate  of  the  Mezen, 
which,  from  the  occurrence  of  fragments  of  these  rocks  only 
in  the  upper  strata  of  the  tuff,  he  concludes  to  be  more  modern 
than  the  greater  part  of  the  latter  deposit. 

Vohanic  Rocks  of  the  Cevennes. 

Evidences  of  volcanic  agency  are  not  exclusively  confined 
to  the  districts  of  France  we  have  been  considering ;  they 
occur  likewise  still  farther  south,  among  the  Cevennes,  and 
near  the  shores  of  the  Mediterranean  in  the  neighbourhood 
of  Marseilles  and  of  Montpellier. 

Of  these  the  rock  which  has  been  most  noticed  by  geolo- 
gists is  that  of  Beaulieu,  near  Aix  in  Provence,  described  by 
Saussure^  Faujas  St.  Fond,  and  still  more  lately  by  Menard  de 

where  lakes  formerly  appear  to  have  been  produced  by  similar  obstruc- 
tions, they  now  cease  to  exist,  owing  to  the  removal  of  the  basalt  which 
once  obstrocted  the  stream  and  the  entire  restoration  of  its  bed. 

P  2 
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Qroye  ♦.  It  is  stated  by  the  latter  as  being  about  1 200  fathoms 
in  length,  and  600  or  700  in  breadth,  whilst  it  rises  to  about  200 
fathoms  above  the  level  of  the  sea.  It  is  composed  of  basalt^ 
which,  as  we  trace  it  downwards,  is  seen  to  pass  into  a  very 
crystalline  greenstone,  and  is  covered  by  an  amygdaloidal 
wacke,  the  cells  of  which,  probably  from  the  decay  of  the 
rock,  are  empty  near  the  surface,  but  in  the  interior  are 
filled  with  calcareous  matter.  The  latter  is  sometimes  so 
diffused  through  the  substance  of  the  rock,  that  it  forms 
with  it  a  kind  of  breccia,  and  even  swells  out  into  nests  or 
geodes  of  considerable  size,  imbedded  in  the  midst  of  the 
tuff.  Shells  are  also  contained  in  this  formation,  and  serve 
to  connect  it  still  more  closely  with  the  limestone  covering 
it,  the  recent  origin  of  which  may  be  inferred  from  the  eidst- 
ence  in  it  of  bones  of  ruminating  animals.  This  limestone  is 
compact,  and  passes  into  a  siliceous  kind  of  rock,  probably 
a  chert,  called  by  Haiiy  quartz  agate  calcif^ey  which  M. 
Marcel  de  Serres  considers  to  be  posterior  to  the  second 
freshwater  formation  of  Cuvier  and  Brongniart,  an  inference 
he  is  disposed  to  extend  to  the  volcanic  products  of  the  de- 
partment of  Herault  t. 

The  latter  constitute  a  chain  for  the  most  part  continuous, 
which  pursues  a  very  determinate  direction  from  north  to 
south. 

The  volcanic  formation  indeed  commences  at  the  most 
northern  extremity  of  the  department,  where  it  is  seen  in  its 
greatest  force,  attaining  at  Escandolgue  an  elevation  of  667 
metres  (above  2000  feet) ;  it  is  prolonged  almost  without  in- 
terruption as  far  as  the  centre  of  this  province,  assuming  its 
largest  development  about  Neffier,  Caux,  Pezenas,  and  St. 
Thibery;  and  it  extends  from  thence  to  the  south,  passing  by 
Agde,  and  losing  itself  in  the  bed  of  the  Mediterranean  at  the 
fort  of  Breseau, 

This  band  or  chain  of  volcanos  then  traverses  the  whole 
department,  exhibiting  its  greatest  width  at  once  at  the 
northern  portion  and  at  the  centre  of  the  department.  It  is 
everywhere  loftier  than  the  primary  chain,  and  its  ramifica- 
tions are  likewise  more  numerous. 

♦  See  Journ.  de  Phys.  vol.  Ixxxii.  Ixxxiii. 

t  Marcel  de  Serres  sur  la  Constitution  G^ogn.  da  D^p.  d'Herault. 
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The  rocks  of  which  it  consists  bear  in  many  places  evident 
marks  of  fusion^  and  are  manifestly  connected  with  the  vol- 
canic chain  already  described^  which  extends  northwards 
through  the  department  of  Ardeche  to  that  of  Haute  Loire 
and  Cantal^  terminating,  as  we  have  seen,  in  the  district 
around  the  Puy  de  Ddme. 

The  only  one  of  these  rocks  which  it  has  fallen  to  my  lot  to 
visit  is  that  of  St.  Loup,  an  extinct  volcano  close  to  the  sea, 
about  a  league  to  the  north-west  of  Agde,  a  town  placed  at  a 
distance  of  about  twelve  miles  west  of  Cette  in  Languedoc. 

Its  crater,  which  is  of  considerable  size,  has  emitted  two 
currents  of  lava,  on  one  of  which  the  town  of  Agde  itself  is 
erected ;  whilst  the  other,  having  taken  the  direction  of  the 
sea,  has  formed  a  neck  of  land,  as  well  as  a  little  island  at  a 
short  distance  from  the  shore. 

Marcel  de  Serres  seems  to  regard  the  rock  of  Montferrier 
near  Montpellier  as  belonging  to  the  same  epoch  and  forma- 
tion, but  I  found  it  to  consist  wholly  of  compact  trap,  and 
therefore  regard  it  of  much  greater  antiquity. 
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CHAPTER  IV. 

ON  THE  VOLCANOS  OF  GERMANY.       . 

Volcanos  of  Germany.— ^Modern  ones  in  the  Eifel. — General  characters — 
distinguished  into  those  of  the  Upper  and  Lower  Eifel.— Upper  Eifel 
— Gerolstein — Mosenberg—Bertrich.— Lower  Eifel — Lake  of  Laach-— 
Lava  of  Niedermennig — Basin  of  Rieden  and  others.— -Trass  of  Briihl — 
its  origin  considered. — Crater  of  Rodderburg. — Antiquity  of  the  Elifel 
volcanos  discussed. — Ancient  volcanos — near  the  Rhine — Siebengebirge. 
— Quarries  of  Obercassel  — ^Vogelsgebirge — Westerwald. — Basaltic  knolls 
near  Eisenach — Pflasterkau te — B udingen-^  Blaue  Ku ppe — Meisner — 
Habichtswald — Steinheim — Odenwald—- Black  Forest— near  Freyburg*— 

.  near  the  Lake  of  Constance — Wirtemburg — Rhoogebirge — Fichtelge- 
birge — Kammerberg  near  Egra — ^Toeplitz — Erzgebirge — Riesengebirge 
— Moravia — near  Hof,  near  Banow. — General  remarks  on  the  Volcanic 
Rocks  of  Germany. 

After  this  general  description  of  the  volcanos  of  France, 
I  shall  proceed  to  a  short  sketch  of  those  which  occur  dis- 
tributed over  various  parts  of  Germany. 

Although  active  volcanos  are  not  found  in  any  part  of  that 
extensive  country,  and  the  recognition  of  those  which  are 
extinct  dates  only  from  the  last  century,  yet  no  one  familiar 
with  this  class  of  phaenomena  can  return  from  a  visit  to 
their  principal  localities  with  any  more  doubt  as  to  their 
former  existence,  than  an  American  who  had  witnessed  the 
burning  mountains  of  his  own  hemisphere,  but  had  never 
heard  of  those  in  Europe,  would  entertain  with  respect  to  the 
real  nature  of  Vesuvius,  if  landed  at  its  foot  when  it  chanced 
to  be  in  a  tranquil  state. 

This  remark  applies  to  no  case  more  completely  than  to 
that  of  the  rocks  which  occur  in  a  district  commonly  known 
by  the  name  of  the  Eifel,  situated  between  the  Rhine  and 
the  present  frontier  of  the  Netherlands  *.       ' 

This  country  is  bounded  on  the  south-east  by  the  Moselle, 

*  This  account  of  the  Rhenish  volcanos  is  principally  drawn  (where  the 
reverse  is  not  stated)  from  observations  made  by  myself  during  a  tour  in 
that  country  in  the  summer  of  1825. 
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on  the  north-east  by  the  Rhine,  on  the  west  by  the  Ardennes 
and  the  other  mountains  round  Spa  and  Mahnedy,  and  on 
the  south  by  the  level  country  about  Cologne. 

The  fundamental  rocks  which  come  to  view  are  of  a 
schistous  character,  and  with  their  accompanying  shales  and 
sandstones,  were  styled  by  myself,  in  common  with  others 
who  had  described  the  district,  greytvacke. 

Later  observers,  however,  have  spoken  of  them  in  a  less 
vague  manner,  Lyell  regarding  them  as  constituting  the  in- 
ferior members  of  the  carboniferous  series,  whilst  Professor 
Sedgwick  and  Sir  Roderick  Murchison  consider  them  as  be- 
longing partly  to  the  Devonian  and  partly  to  the  Silurian 
system. 

It  is  at  least  certain,  that  the  saccharoid  magnesian  lime- 
stone, containing  trilobites,  and  other  fossils  of  the  same  age, 
which  is  found  associated  with  this  formation,  places  it  very 
low  in  the  series  of  the  palaeozoic  strata. 

These  rocks,  in  a  few  places,  support  horizontal  beds  of 
what  appears  to  be  the  second  or  variegated  sandstone  for- 
mation. Scattered,  however,  over  the  greater  part  of  the 
district  alluded  to,  are  a  number  of  little  conical  eminences, 
often  with  craters,  the  bottoms  of  which  are  usually  sunk 
much  below  the  present  level,  and  have  thereby  in  many 
cases  received  the  drainage  of  the  surrounding  country,  thus 
forming  a  series  of  lakes,  known  by  the  name  of  ^^  Maars,'* 
which  are  remarkably  distinguished  from  those  elsewhere 
seen  by  their  circular  form,  and  by  the  absence  of  any  appa- 
rent outlet  for  their  waters. 

Steininger 'I',  a  geologist  of  Treves,  who  has  published  the 
most  circumstantial  account  of  the  whole  district  that  has 
yet  appeared,  distinguishes  these  craters  into  three  classes. 

The  first  includes  those,  properly  speaking,  known  by  the 
name  of  "  Maars,^*— volcanos  which  have  ejected  nothing 
but  loose  fragments  of  rock  with  sand  and  balls  of  scori- 
form  lava.  In  this  class  are  : — 1.  the  Lake  of  Laach ;  2.  the 
Maar  of  Ulmen ;  3.  three  Maars  at  Daun ;  4.  two  at  Gillen- 
field;  5.  one  at  Bettenfield ;  6.  one  at  Dochweiler;  7*  one 
at  Walsdorf ;  8.  one  at  Masburck.  Nos.  6  and  7^  however, 
have  fallen  in. 

*  See,  for  an  enumeration  of  his  works,  the  Appendix* 
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The  second  class  is  distinguished  from  the  preceding  ia 
consisting  of  those  which  have  ejected  fragments  of  slag, 
sometimes  loose,  and  sometimes  cemented  together  into  a 
paste.  Of  this  denomination  are : — 1.  three  craters  at  GiUen- 
field ;  2.  two  at  Bettenfield ;  3.  one  at  Gerolstein ;  4.  one  at 
Steffler;  5.  two  at  Boos  ;  6.  one  at  Rolandseck. 

The  third  class  includes  such  volcanos  as  have  given  out 
streams  of  lava  as  well  as  ejections  of  loose  substances.  Of 
these  latter  we  may  mention : — 2.  two  at  Bertrich  (one  very 
small) ;  3.  one  at  Bettenfield  (the  Mosenberg)  $  4.  one  at 
Ittersdorf ;  5.  one  at  Gerolstein  ;  6.  one  at  Ettringen. 

The  above  enumeration  comprehends,  probably,  the  most 
interesting  of  each  class ;  but  it  must  not  be  regarded  as  by 
any  means  complete^  for  Dr.  Hibbert  has  added  considerably 
to  the  list,  within  the  limits  of  that  district  alone  to  which  he 
has  confined  his  attention  *. 

Geographically  considered,  these  craters  may  be  classified 
otherwise,  as  they  belong  to  two  districts,  distinguished  by 
the  names  of  the  Upper  and  Lower  Eifel ;  the  Upper  lying 
to  the  south*west,  in  the  angle  between  the  river  Moselle  and 
its  tributary  the  Kyll ;  the  Lower  Eifel  near  the  western 
bank  of  the  Rhine,  extending  to  Mayence,  where  it  is  sepa- 
rated from  the  former  volcanic  district  by  the  older  rocks  of 
the  country. 

The  following  description  will  apply  to  the  volcanic  forma- 
tions in  both  these  localities. 

The  sides  of  these  craters,  wherever  their  structure  was 
discernible,  appear  to  be  made  up  of  alternating  strata  of 
volcanic  sand  and  fragments  of  scoriform  lava,  dipping  in  all 
directions  away  from  the  centre  at  a  considerable  angle ;  and 
the  same  kind  of  material  has  in  many  instances  so  accumu- 
lated round  the  cones,  as  to  obliterate  in  great  measure  the 
hollow  between  them,  and  to  raise  the  level  of  the  country 
nearly  up  to  the  brim  of  the  craters. 

The  formation  of  these  cones  seems  likewise  to  have  been, 
in  some  instances,  followed  by  an  ejection  of  substances  of  a 
pumiceous  character,  and  the  same  kind  of  material  (whether 

♦  Hibbert  on  the  Extinct  Volcanos  of  the  Basin  of  Neuwied  on  the 
Lower  Rhine.     London  1832. 
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derived  from  these  or  from  some  antecedent  eruptions,  will 
be  afterwards  considered)  is  spread  widely  over  the  country 
bordering  on  the  Rhine,  either  in  loose  strata  alternating 
with  beds  of  a  loamy  earth,  derived  probably  from  substances 
in  a  minute  state  of  division  thrown  out  by  the  same  vol- 
cano, and  mixed  up  into  a  paste  with  water ;  or  else  forming 
masses  of  considerable  thickness,  in  which  the  fragments  of 
pumice  are  intermixed  with  the  latter  substance,  and  con- 
stitute together  with  it  a  coherent  mass,  known  by  the  name 
of  trass. 

The  volcanos  of  the  Eifel  are  also,  as  above  noticed, 
accompanied  by  streams  of  lava ;  but  these  have  not,  in  my 
opinion,  like  the  generality  of  those  seen  elsewhere,  been 
satisfactorily  traced  to  the  craters,  but  seem  rather  to  have 
flowed  from  the  sides  or  base  of  the  mountains  with  which 
they  are  respectively  connected. 

These  coulees,  like  the  volcanic  cones  themselves,  are 
sometimes  almost  buried  under  heaps  of  matter  subsequently 
ejected,  so  that  in  the  lava  of  Niedermennig,  the  quarry, 
from  whence  the  miUstones  are  obtained,  is  worked  at  a 
depth  of  eighty  feet  from  the  present  surface.  They  are  in 
some  cases  analogous  to  the  ejections  of  existing  volcanos ; 
but  at  others  they  possess  more  of  a  basaltic  character,  being 
freer  from  ceUs  than  true  lavas  generally  are,  although  it  can 
be  demonstrated  that  they  too  are  (geologically  speaking)  of 
modem  formation,  inasmuch  as  they  follow  the  incUnation 
of  the  valleys,  and  must  therefore  have  flowed  since  the  latter 
were  excavated. 

The  above  remarks  may  suffice  for  a  general  description  of 
the  Eifel  volcanos.  I  shall  now  therefore  proceed  to  par-- 
ticularise  two  or  three  of  the  more  important,  beginning  with 
those  of  the  Upper  Eifel. 

Upper  Eifel 

The  crater  of  Gerolstein  is  in  itself  one  of  the  most  curious 
in  the  series,  and  derives  moreover  an  additional  interest,  as 
the  spot  which  Von  Buch  selected  for  one  of  his  proofs  of 
the  singular  theory  he  has  advanced,  with  respect  to  the 
conversion  of  common  limestone  into  dolomite  by  volcanic 
agency. 
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The  towD  of  OeroliileiQ  is  built  in  a  narrow  valley  between  two 
ridges  of  limestone,  each  side  presenting  a  precipitous  escarpment, 
owing  to  the  projection  of  occasional  masses  of  the  rock  beyond  the 
soil  which  covers  in  general  the  surface  of  the  hill.  This  limestone 
is  highly  crystalline,  and  has  all  the  characters  of  dolomite ;  it  con- 
tains numerous  corallines,  together  with  trilobites,  and  other  petri- 
factions belonging  to  the  palaeozoic  series. 

The  slope  of  the  hill  fronting  GeroUtein,  like  that  at  the  back  of 
the  town,  is  wholly  calcareous,  but  on  reaching  its  summit  we  soon 
discover  traces  of  volcanic  operations. 

If  we  commence  our  examination  with  the  western  extremity  of 
the  ridge  which  lies  about  half  a  mile  beyond  Gkrolstein,  we  observe 
a  conical  mass  of  slaggy  lava  thrown  up  between  the  limestone 
strata,  which  are  dbtinctly  seen  both  north  and  south  of  it. 

Connected  as  it  would  appear  with  this,  is  a  mass  of  lava  which 
occupies  the  centre  of  the  western  slope  of  the  ridge,  and  may  be 
traced  to  a  considerable  distance  over  the  plain  at  its  foot,  divided 
however  into  two  branches  by  a  projecting  mass  of  the  calcareous 
rock  which  it  meets  with  on  its  descent. 

The  cellular  and  even  scoriform  appearance  of  this  lava,  coupled 
with  the  manner  in  which  it  has  accommodated  itself  to  the  present 
slope  of  the  mountain,  leads  one  to  consider  it  a  modem  coul^ ; 
but  I  could  not  satisfy  myself  that  it  had  proceeded,  as  is  usually 
the  case,  from  a  crater. 

There  is  indeed  on  the  summit  of  the  ridge  from  whence  the  lava 
proceeds,  a  little  beyond  the  conical  eminence  above  noticed,  a 
crater-shaped  cavity  surrounded  by  volcanic  matter,  but  with  this 
the  stream  of  lava  seen  on  the  slope  of  the  mountain  does  not  ap- 
pear to  have  any  connection. 

Other  patches  of  the  same  kind  of  rock,  chiefly  of  a  slaggy  cha- 
racter, occur  along  the  summit  of  this  ridge  east  of  the  crater, 
which  perhaps  have  been  separately  thrown  up  by  a  succession  of 
small  volcanic  ejections  unaccompanied  by  streams  of  lava.  At  the 
eastern  extremity  however  of  the  ridge  we  are  somewhat  surprised 
to  discover  a  small  but  abrupt  knoU  of  compact  basalt  called  the 
Casselburg,  the  site  of  a  ruined  castle,  placed  apparently  under  the 
same  circumstances  with  the  cones  of  scoriform  lava  before  men- 
tioned. It  covers  a  bed  of  variegated  sandstone  which  rests  upon 
the  dolomite,  but  the  line  of  junction  is  so  concealed  with  wood, 
that  it  is  impossible  to  ascertain  whether  the  basalt  lies  upon  the 
contiguous  rock,  or,  as  is  most  probable,  has  been  forced  through  it. 

Von  Buch,  who  had  persuaded  himself  from  some  facts  observed 
in  the  Tyrol,  that  dolomitic  limestone  derives  its  magnesia  from  the 
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augite  of  lavas,  appeals  to  its  occurrence  at  Gerolstein  in  connection 
with  so  much  yolcanic  matter  as  confirming  the  truth  of  his  hypo- 
thesis *.  But  it  seems  difficult  to  reconcile  this  opinion  with  the 
age  which  we  are  compelled  to  assign  to  the  volcanic  operations  here 
as  well  as  in  other  parts  of  the  Eifel.  As  it  is  evident  that  no 
foreign  ingredient  could  penetrate  the  substance  of  the  rock  in  its 
present  hardened  condition,  so  as  to  unite  ^%ith  the  other  consti- 
tuents, and  diffuse  itself  uniformly  throughout  the  mass,  it  seems 
necessary  for  Von  Buch's  hypothesis  to  suppose  the  limestone  to 
have  previously  been  at  least  softened  by  the  heat,  which  occasioned 
the  sublimation  of  the  magnesia.  Hence  we  should  be  obliged  to 
fix  the  period  at  which  this  process  took  place  as  antecedent  to  the 
formation  of  the  valley,  for  this  would  be  necessarily  obliterated  by 
any  softening  of  the  limestone  which  now  overhangs  it. 

Indeed  it  would  be  necessary  to  carry  back  this  supposed  soften- 
ing of  the  calcareous  rock  to  some  period  antecedent  to  the  retire- 
ment of  the  ocean,  when  sufficient  pressure  might  be  exerted  to 
prevent  the  carbonic  acid  from  being  driven  off  from  the  limestone 
when  exposed  to  the  heat  required  for  softening  it. 

But  all  this  is  completely  contradicted  by  the  phsenomena  of  the 
volcanic  products  in  question,  the  cellular  appearance  of  which 
plainly  indicates  the  absence  of  pressure,  and  which  even  seem, 
from  their  connection  with  a  crater,  and  by  the  manner  in  which 
they  have  accommodated  themselves  to  the  present  slope  of  the 
valley,  to  have  been  formed  at  a  comparatively  recent  period. 

The  following  section  may  serve  to  give  a  clearer  notion  of  the 
relative  situations  of  the  rocks. 

Section  of  the  rock  on  either  Me  of  Gerolstein  from  North  to  South, 


A  aad  B  are  two  hills  composed  of  dolomite,  and  in  the  centre  of  B  is 
the  little  crater  b,  consistiog  of  slag  and  scorise.  C,  the  valley  in  which 
Gerolstein  stands,  which  would  be  filled  up,  it  the  rocks  on  either  side  had 
been  fused  or  softened. 


*  Von  Bach,  Ueber  das  Vorkoromen  des  Dolomite  in  die  nahe  der  vul- 
kanischen  Gebilde  der  Eifel,  in  the  3rd  vol.  of  Noggerath's  Gebirge  in 
Rhinland  Westphalen. 
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MoMenberg. 

A  few  miles  'south  of  Gerolstein  occurs  another  volcanic  hill,  called 
the  Mosenberg,  the  structure  of  which  is  also  very  remarkable. 

It  constitutes  a  long  round-backed  eminence,  on  the  edge  of 
which,  and  but  slightly  elevated  above  the  general  level,  are  three 
craters,  two  of  which  are  perfect,  the  third  broken  away  on  its 
southern  extremity. 

These  craters,  as  well  as  the  whole  of  the  high  ridge  on  which 
they  stand,  are  composed  of  slag ;  but  at  the  basis  of  the  hill,  just 
below  the  point  at  which  the  crater  is  broken  away,  is  seen  a  mass 
of  basaltic  lava,  very  slightly  cellular,  which  continues  in  an  easterly 
direction  for  about  half  a  mile.  It  has  all  the  appearance  of  a 
coulee,  and  most  writers  have  regarded  it  as  derived  from  the  crater 
which  is  broken  away  on  the  side  nearest  it.  With  regard  to  the 
latter  point,  I  must  confess  myself  not  altogether  satisfied,  having 
ftiiled  in  tracing  the  basalt  up  to  the  crater  itself;  and  I  am  the  more 
confirmed  in  my  scepticism,  because  the  ridge  which  it  forms  ap- 
peared to  me  to  extend  considerably  west  of  the  point  at  which  it 
would  have  commenced,  had  it  descended  from  the  side  of  the  crater 
which  is  broken  away. 

Among  the  phsenomena  connected  with  this  mountain,  not  one 
of  the  least  curious  is  the  crater-shaped  cavity  called  the  Meerfeld, 
which  lies  at  its  northern  extremity.  It  is  perfectly  round,  and 
sinks  regularly  towards  the  centre,  where  is  a  small  lake,  so  that  its 
resemblance  to  the  other  *'  Maars"  of  the  Eifel  district  is  complete. 
On  examining  however  its  sides,  we  do  not  find  a  single  trace  of 
volcanic  matter,  the  whole  circumference  of  the  hollow  being  com« 
posed  of  clay -slate  *. 

Viewed  in  connection  with  the  surrounding  country,  it  seems  im- 
possible to  attribute  it  to  any  other  than  to  volcanic  agency,  differ- 
ing only  from  the  other  craters  in  its  being  caused  by  a  disengage- 
ment of  elastic  vapours,  unaccompanied  by  any  ejection  of  solid 
matter. 


*  Dr.  Hibbert  (p.  24)  understaDds  me  to  assert  in  this  passage,  that  no 
ejections  of  volcanic  materials  have  taken  place  from  this  crater ;  whereas, 
he  says,  that  balls  of  olivine  derived  from  this  source  are  in  fact  a  peculiar 
characteristic  of  the  volcano.  My  meaning  however  was,  that  the  sides  of 
the  crater  were  composed  of  clay- slate,  and  this  I  believe  to  be  the  case ; 
the  occurrence  of  loose  fragments  of  volcanic  matter  scattered  about  its 
sides  would  not  affect  my  argument,  and  therefore  was  not  noticed  in  the 
text. 
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Beririeh. 

.  The  only  other  volcanic  appearances  I  shall  stop  to  particularise, 
are  those  exhibited  near  the  Baths  of  Bertrich,  not  far  from  the 
road  between  Cobientz  and  Treves. 

Bertrich  lies  in  a  narrow  valley  that  has  been  excavated,  in  that 
great  table-land  of  Silurian  or  Devonian  slate,  which  occupies  so 
laicge  a  portion  of  the  district  we  are  considering.  To  the  north, 
just  where  the  slope  begins,  we  may  observe  a  small  conical  hillock, 
called  the  Falkenlei,  presenting  a  precipitous  front  towards  the 
▼alley,  but  on  the  opposite  side  sinking  more  gradually  into  the 
table-land.  It  consists  entirely  of  slaggy  or  cellular  basnltic  lava, 
the  former  variety  constituting  the  upper,  the  latter  the  lower  parts 
of  the  formation.  At  a  little  distance  to  the  N.W.  occurs  another 
hillock,  rising  conically  from  the  same  table-land  near  the  com- 
mencenient  of  the  valley,  which  differs  from  the  Falkenl^  in  en- 
closing a  small  but  regular  crater.  Divided  from  the  above  by  a 
round  hollow  in  the  clay-slate  formation,  or  more  properly  a  circular 
enlargement  of  the  valley,  is  another  more  considerable  volcanic  hill, 
oalled  the  Facher-hohe,  situated  likewise  on  the  brim  of  the  hill,  but 
rather  to  the  S.£.  of  the  other  eminences.  This  is  also  conical,  and 
has  a  crater  broken  away  on  its  southern  side. 

Thus  these  three  volcanic  knolls,  together  with  two  other  less 
considerable  ones,  that  lie  betwixt  the  Falkenlei  and  the  Facher- 
hohe,  form  a  semicircle  corresponding  nearly  with  the  figure  which 
the  escarpment  of  the  table-land  presents  towards  the  valley  of 
Bertrich.  All  of  them  lie  very  near  the  brow  of  the  escarpment, 
whilst  no  vestige  of  anything  of  the  same  kind  occurs  in  the  valley 
below. 

In  the  latter  however  we  observe  a  large  assemblage  of  volcanic 
products,  but  presenting  a  different  character.  They  are  all  basal- 
tic, with  but  few  cells  or  cavities,  whilst  the  cones  above  are  chiefly 
made  up  of  scoriae,  and  contain  basalt  but  rarely.  The  basaltic  lava 
of  the  vaUey  may  be  traced  from  the  village  of  Bertrich,  which  lies 
near  its  southern  extremity,  almost  continuously  along  the  sides  of 
the  brook  called  the  Issbach  for  upwards  of  a  mile,  but  its  thickness 
18  greatest  at  a  point  where  this  brook  is  enlarged  by  another 
rivulet  which  flows  into  it  from  the  west. 

This  point  lies  almost  under  that  part  of  the  escarpment  of  the 
table-land  on  which  the  Falkenlei  is  situated,  and  it  would  appear 
that  two  streams  of  basaltic  lava  meet  about  this  spot,  the  one  pro- 
ceeding from  the  direction  of  the  Facher-hohe,  the  other  running 
more  from  the  north-west,  and  having  the  appearance  of  being  de- 
rived from  one  of  the  cones  lying  in  that  quarter.  When  however 
we  attempt  to  follow  the  above  couUet  up  the  slope  of  the  hills. 
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down  which,  on  the  above  supposition,  they  must  have  flowed,  we 
are  immediately  stopped  by  the  extreme  thickness  of  the  wood, 
which  clothes  everywhere  the  sides  of  the  valley.  If  we  take  the 
circuitous  path  which  brings  us  to  the  summit  of  these  hills,  and 
examine  the  two  volcanic  cones,  we  discover  no  signs  of  a  stream 
of  lava  having  been  derived  from  either.  Nor  do  I  think  that  geolo- 
^ts  are  warranted  in  inferring  from  analogy,  that  the  basaltic  l^va 
has  descended  from  these  eminences,  since  we  have  already  seen 
diat  an  equal  degree  of  uncertainty  exists  with  respect  to  the  origin 
of  the  other  lavas  in  the  Eifel  country ;  and  indeed  if  the  basalt  of 
Bertrich  actually  came  from  that  quarter,  its  situation  would  pro- 
bably be  marked  by  a  corresponding  convexity  on  the  slope  of  the 
hill,  if  not  by  its  being  destitute  of  the  timber  which  is  so  abundant 
elsewhere. 

But  v^hatever  may  be  the  fact  with  regard  to  the  origin  pf  these 
basaltic  coulits,  it  is  evident  that  they  were  formed  since  the  exca-^ 
vation  of  the  valley,  inasmuch  as  they  follow  its  inclination,  and 
are  not  seen  except  near  its  bottom.  They  have  however  been  cnt 
through  by  the  little  stream  of  the  Isebach  which  flows  along  the 
valley,  and  where  that  is  the  case,  manifest  a  columnar  structure. 

At  the  point  where  the  two  basaltic  coulees  meet,  an  interesting 
fact  occurs, — a  natural  grotto  is  seen  in  the  midst  of  the  lava  about 
six  feet  high,  three  broad,  and  twelve  or  fifteen  long,  open  at  both 
extremities,  and  thus  making  part  of  a  foot-path  which  overlooks 
the  ravine  containing  the  torrent  of  the  Issbach.  The  walls  of  this 
grotto  are  composed  of  basalt,  slightly  cellular,  and  forming  a  number 
of  concentric  lamellar  concretions,  piled  one  upon  the  other,  and  in 
general  somewhat  compressed,  so  that  the  interstices  between  the 
balls  are  filled  up.  ITie  grotto  itself  has  obtained  the  name  of  the 
Cheese-cellar  (Kase-keller),  from  the  resemblance  which  the  con- 
figuration of  the  basalt  bears  to  an  assemblage  of  Dutch  cheeses ; 
it  beautifully  illustrates  the  origin  of  the  jointed  columnar  structure 
which  this  rock  so  often  assumes,  since  a  little  more  compression 
would  have  reduced  these  globular  concretions  into  a  prismatic  form^ 
each  ball  constituting  a  separate  joint  in  the  basaltic  mass. 

The  most  probable  way  of  accounting  for  the  existence  of  this 
natural  grotto,  is  to  suppose  the  lava  which  forms  its  walls  to  have 
cooled  near  the  surface  before  the  mass  had  ceased  to  flow  in  its 
interior;  hence  a  hollow  would  be  left  in  which  the  basalt  had  room 
freely  to  assume  the  form  most  natural  to  it,  and  the  concretions, 
being  but  little  compressed  on  account  of  the  cavity  within,  retain 
their  original  globular  figure.  In  further  proof  of  this,  it  may  be 
remarked  that  the  lava  above  the  grotto  consists  of  irregular  prisms, 
and  not  of  balls,  as  is  the  case  with  that  which  constitutes  its  walls. 
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If  t  be  aiked  why  the  earae  a  pekran  are  no  presented  n 
P'ogallsCaTe  mad  a  o  hen  of  he  tame  In  d  t  majberepled 
that  the  wo  cases  d  ffe  he  Kose  k  e  be  ng  a  ho  aw  exu  ng 
from  the  first  whereas  he  basalt  at  Staffa  p  obably  constituted  a 
con   nnove  bed  ant  1  nnderm  ned  and  esten  nto  bjr  the  sea 

I  am  indebted  to  Professo  John  Ph  1  ps  fo  the  snbjo  ned  sketch 
of  the  Ka*e  kellc     takea  by  h  m  on  the  ipot 


Descending  into  the  bed  of  the  rivulet,  we  have  an  opportunity  of 
observing  the  line  of  junction  between  the  clay-slate  and  super- 
imposed lava;  on  the  former  no  change  seems  to  have  been  effected, 
but  there  intervenes  between  it  and  the  compact  basalt  which  com- 
poses the  mass  of  the  coulee,  a  very  thin  stratum  (perhaps  not  ex- 
ceeding an  inch  in  thickneBs)  of  highly  cellular  Iciva,  a  &ct  which 
may  perhaps  be  explained  by  the  extrication  of  steam  from  the  damp 
■ur&ce  over  which  the  lava  flowed,  in  the  manner  supposed  by  Sir 
O.  Mackenzie  with  respect  to  some  of  the  lavas  in  Iceland  '. 

Thus  much  for  the  basalt  above  the  village  of  Bertrieh  ;  below  it 
*  See  the  Ch^>ter  on  that  Tolciaic  istaod. 
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occiin  another  isolated  basaltic  mass,  which  it  would  be  even  more 
difficult  to  refer  to  any  of  the  volcanos  on  the  hiUs  above.  It  forms 
part  of  a  low,  oblong,  round-backed  hillock,  rising  in  the  midst  of 
the  valley,  which  is  here  somewhat  wider  than  ordinary ;  the  rest 
consisting  of  the  clay-slate  which  seems  to  have  been  thrown  «p  by 
the  protrusion  of  the  basaltic  mass  accompanying  it. 

The  formation  of  this  hillock  has,  if  I  mistake  not,  turned  the 
stream  of  the  Issbach  aside  from  its  original  direction,  and  oblig^ 
it  to  cut  a  new  channel  which  winds  round  the  base  of  this  little 
eminence. 

•The  hct  of  the  valley  being  larger  just  before  we  reach  it  than  it 
is  above,  may  I  think  be  explained  by  supposing,  that  until  the 
stream  had  created  a  new  channel,  the  waters  accumulated  to  such 
a  degree  as  to  form  a  lake,  and  the  same  may  possibly  have  been 
the  cause  of  the  two  other  circular  enlargements- of  the  valley  men- 
tioned as  occurring  higher  up.  I  have  already  had  occasion,  when 
speaking  of  Auvergne,  to  notice  other  cases  in  which  lakes  have 
evidently  been  produced  by  beds  of  lava  obstructing  the  course  of 
rivulets,  and  shall  suggest  this  hypothesis  as  one  of  the  modes  of 
accounting  for  the  formation  of  the  Dead  Sea,  by  supposing  an 
obstruction  caused  in  this  manner  in  the  bed  of  the  Jordan  to  have 
been  a  consequence  of  the  volcanic  eruption  that  destroyed  the  cities 
in  the  vale  of  Siddim  *, 

The  warm  baths  of  Bertrich,  and  the  carbonic  acid  which  rises  up 
in  so  many  parts  of  the  Eifel  district  f,  imparting  to  the  springs 
through  which  it  passes  the  briskness  of  soda-water,  are  phaenomena 
that  seem  to  indicate  a  continuance  of  the  volcanic  operations  for- 
merly so  prevalent — these  however  will  be  considered  in  another 
portion  of  my  I'reatise. 

It  would  detain  me  too  long  were  I  to  go  through  the 
description  of  other  lake  craters  distributed  over  the  Upper 
Eifel,  although  the  geological  traveller  ought  not  to  omit 
visiting  the  beautiful  crater  of  Pulvermaar,  and  the  three 
lakes  at  Daun. 

Lower  Eifel. 

Let  us  next  proceed  to  notice  a  few  of  the  more  remarkable 
features  in  the  Lower  Eifel,  which  borders  upon  the  Rhine, 
and  is  known  by  the  name  of  the  Maifeld  or  Mayenfeld. 

*  See  the  Chapter  on  the  Holy  Land,  where  however  facts  will  be  stated 
that  render  the  above  hypothesis  less  plausible  now  than  it  appeared  to 
me  at  the  time  of  the  publication  of  the  first  edition  of  this  work. 

t  See  Cdinb.  Phil.  Journal,  vol.  xiii.  p.  191. 


MODERN  V0LCAN08  IN  THE  EIFEL.  81 

The  lake  of  Laach^  near  Andemach^  is  a  large  expanse  of 
water  embracing  a  circumference  of  two  miles^  and  of  an  oval 
form* 

Its  sides  are  overgrown  with  wood  from  the  level  of  the 
water  up  to  the  brim  of  the  crater^  which  is  reached  exter* 
nally  by  a  gentle  ascent  not  at  all  in  proportion  to  the  depth 
of  the  internal  cavity. 

The  thickness  of  the  vegetation  renders  it  difficult  to  dis- 
cover the  nature  of  the  subjacent  rock,  which  seems  how- 
ever to  be  constituted  of  a  black  cellular  lava  full  of  augite. 
Besides  this,  the  sides  of  the  crater  present  numerous  loose 
masses,  which  appear  to  have  been  ejected,  and  consist  of 
glassy  felspar,  ice-spar,  sodalite,  hauyne,  spinellane,  and  leu« 
cite.  It  will  be  seen,  when  I  come  to  speak  of  the  neigh-* 
boorhood  of  Naples,  how  remarkable  is  the  resemblance  be- 
tween these  products  and  the  masses  formerly  ejected  from 
Vesavias. 

«  Dr.  Hibbert"*^  regards  the  lake  of  Laach  as  formed,  in  the 
first  instance,  by  a  crack  caused  by  the  cooling  of  the  crust 
of  the  earth,  which  was  widened  afterwards  into  a  circular 
cavity  by  the  expansive  force  of  elastic  vapours.  At  the 
same  time  he  supposes  lateral  fissiures  to  have  been  produced 
in  all  directions  round  this  central  cavity  by  these  forces,  and 
in  this  manner  to  have  arisen  the  valley  of  Briihl,  and  othera 
in  the  vicinity  of  the  lake,  which  from  the  precipitous  nature 
of  their  banks  appear  to  have  been  occasioned  by  disruption. 

That  this  is  a  possible  explanation  I  do  not  deny ;  but  in 
what  respect  is  it  preferable  to  the  notion  that  the  hollow  has 
been  produced  either  by  elevation  or  by  subsidence  ? 

Dr.  Hibbert  indeed  slates,  that  the  former  theory  is  inacU 
missible,  because  craters  of  elevation  yield-no  streams  of  lava^ 
whereas  a  trachytic  current  is  observed  to  have  issued  from 
the  crater  of  I^ach.  But  this  appears  a  misconception,  for 
although  an  elevation-crater  may  be  produced  independently 
of  any  flow  of  lava,  it  does  not  therefore  follow  that  solid 
materials  cannot  be  afterwards  ejected  from  the  orifice  y  and 
if  elastic  vapours  are  cq>able  of  converting  a  longitudinal 
fissure  into  an  oval  cavity,  I  do  not  see  why  they  might  not 
have  upheaved  the  rocks  around  a  given  area. 

*  Hbtory  of  tbe  Extinct  Voleanos  of  the  Basin  of  Neuwied,  1S32. 
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Nor^  on  the  other  hand,  is  the  opposite  tbeorf  of  subsi- 
dence to  be  rgected  as  unworthy  of  our  conndoationy  for  it 
is  quite  conceivable  that  the  existence  of  hollows  under- 
ground, caused  by  the  elevation  of  rocks  in  one  portion  of  a 
district,  may  have  produced  a  corresponding  sinking  of  them 
in  another,  and  that  those  craters  which,  like  many  in  the 
Eifel  country,  are  but  little  elevated  above  the  general  levels 
may  have  been  caused  by  a  fisdlure  of  support  underneath 
them. 

The  fragments  of  trachyte  and  of  primary  rocks  which  lie 
scattered  around  the  margin  of  the  lake.  Dr.  Hibbert  attri* 
butes  to  eruptions  which  he  supposes  to  have  taken  place  at 
a  later  period  either  from  the  crater  of  Laach  or  fix)m  Uie  hills 
immedktely  encircling  it*  The  most  considerable  of  these 
has  given  rise  to  the  lava  and  scoriae  seen  on  the  summit  of  a 
high  ridge  of  day-slate  called  the  Veitskopf. 

The  many  varieties  of  rocks,  consisting  either  of  trachyte 
or  of  granite,  as  well  as  of  a  character  intermediate  between 
the  two,  which  have  been  ejected,  give  countenance,  in  Dr. 
Hibberf  s  opinion,  to  the  notion  I  had  advanced,  that  trachyte 
is  merely  a  granite  altered  by  volcanic  fires.  [This  point 
however  may  be  seen  discussed  with  the  advantage  of  the 
light  derived  from  more  exact  observations,  in  the  second 
chapter  of  this  present  edition.] 

Towards  the  close  of  the  tertiary'  period  eruptions  of  ba- 
saltic slag  and  of  black  augitic  sand  began  to  cease  in  this  di- 
strict, and  a  new  species  of  eruptions  commenced,  consisting 
of  white  pumice,  which  Dr.  Hibbert  supposes  to  have  been 
chiefly  ejected  from  fissures  formed  by  previous  volcanos 
amongst  the  hills  called  the  Humrichs,  south-west  of  Nieu- 
wied,  and  to  be  derived  from  trachytic  materials.  Hence  white 
pumice  is  very  abundantly  distributed  over  the  country,  even 
so  far  as  Coblentz  in  one  direction,  and  the  valley  of  Briihl 
in  the  other. 

Not  much  above  a  mile  from  this  spot  is  the  rock  of  Nie- 
dermennig,  so  extensively  quarried  for  millstones ;  but  though 
this  has  all  the  appearance  of  a  stream  of  lava,  no  one  has 
as  yet  succeeded  in  tracing  it  either  to  Laach  or  to  any  other 
neighbouring  crater. 

Steininger  indeed  imagines  that  it  has  arisen  from  a  small 
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knoll,  much  concealed  by  verdure,  situated  about  half  a  mile 
west  of  the  town  of  Obennennig,  and  Dn  Hibbert  suggests 
that  it  may  have  burst  forth  from  some  rent  or  fissure  caused 
by  those  elastic  vapours,  which  he  supposes  to  have  perfected 
the  circular  basin  of  Laach. 

These  however  are  merely  conjectures,  and  the  real  source 
of  the  stream  alluded  to  still  remains  open  to  investigation. 

The  lava  is  divided  by  vertical  fissures  into  irregular  columnar 
masses,  some  twenty  feet  in  height,  and  these  columns  cut  horizon- 
tally, and  having  their  angles  rounded  off,  are  fashioned  into  mill- 
stones*, for  which  they  are  well-adapted  from  the  unevenness  of 
their  fracture,  derived  from  the  infinite  number  of  minute  cells  dis- 
tributed through  the  substance  of  the  rock. 

It  is  only  the  middle  portion  however  of  this  bed  which  can  be  so 
employed,  for  in  the  upper  not  only  are  the  pores  too  considerable, 
but  the  concretions,  being  smaller  than  they  are  below,  scarcely  af- 
ford masses  of  sufiicient  magnitude  for  the  purpose  intended. 

This  difference  arises  from  the  greater  size  of  the  fissures  which 
extend  vertically  through  the  substance  of  the  rock ;  these,  of  con- 
siderable width  at  top,  contract  gradually  as  they  descend,  until  they 
at  length  disappear  altogether,  and  in  consequence  impart  to  the 
separate  columns  of  rock  a  tapering  form,  gradually  enlarging  in 
bulk  from  above  downwards,  until  the  whole  is  at  bottom  confounded 
into  one  solid  and  entire  mass. 

Hence  the  rock  of  Niedermennig  is  distinguished  by  the  workmen 
into  three  portions,  which  they  compare  to  the  top-branches,  the 
trunk,  and  the  root  of  a  tree.  The  upper  or  top-branches  f  is  that 
in  which  the  columnar  concretions  are  too  small  to  be  worth  work- 
ing ;  the  lower  or  root,  that  in  which  the  concretionary  structure  is 
lost  by  the  final  disappearance  of  the  fissures  ;  the  central  or  trunk, 
that  in  which  the  columns  are  of  a  size  adapted  for  millstones  of  the 
usual  dimensions. 

The  lower  part  of  the  rock  having  never  yet  been  penetrated,  it 

*  The  same  use  appears  to  have  been  made  of  the  lavas  of  Etna  by  the 
ancients.     See  Corn.  Sev.  ^tna : — 

Quia  etiaro  vario  qusdam  sub  nomine  saxa 
Toto  monte  liquant ;  illis  custodia  flammse 
Vera  tenaxque  data  est ;  sed  maxima  causa  molaris 
lUiua  incendi  lapis,  is  sibi  vindicat  jEtnam, 
\  The  upper  portion  is  called  kopfe,  glochen  or  aeste ;  the  middle  schienen 
or  stamme ;  the  lower  sohlgestein  or  dielstein.     For  these  and  other  parti- 
culars, see  Noggerath  iiber  fossile  Baumstamme,  Bonn  1819,  p.  60  et  seq. 

o  2 


84  QSBICANT. 

kimpoflnUe  to  state  the  exact  thickness  of  tiie  wbole,  bat  the  aj^er 
portbn  not  woiked  is  stated  at  7,  and  the  central  from  15  to  40  feet 
in  thickness. 

The  lava  of  Niedennennig  is  interesting  lor  the  variety  of  extra- 
neons  substances  imbedded  in  it.  In  the  midst  of  the  volcanic  mssa 
we  observe  not  only  hauyne,  magnetic  iron  ore,  and  other  crystal- 
lized minerals,  but  even  portions  of  limestone,  of  quartz,  or  of  an  in- 
termixture of  quartz  and  felspar  in  the  state  of  kaolin,  which  looks 
like  the  altered  fragments  of  some  granitic  rodu  The  whole  is 
buried  at  a  depth  of  more  than  60  feet  from  the  present  sucfiM^ 
under  a  succession  of  strata  consisting  either  of  loam,  the  origin  of 
which  will  be  discussed  afterwards,  or  of  a  congeries  of  roUed  roaises 
of  pumice  and  scoriform  lava  together  with  those  of  all  the  difierent 
rocks  found  in  the  neighbourhood,  the  whole  loosely  bound  together 
by  a  slightly  coherent,  loamy  sand. 

About  three  miles  to  the  west  of  the  lake  of  Laadi  is  an* 
other  circular  cavity  called  the  Basin  of  Rieden,  which  has 
much  perplexed  geologists,  but  which  Dr.  Hibbert  conceives 
to  have  b^n  originally  a  volcanic  crater,  from  the  interior  of 
which  cones  of  trachyte  were  subsequently  upheaved,  whilst 
beds  of  tufa  were  formed  within  the  cavity  by  the  ejection  of 
pulverulent  mAtters,  which  spread  into  the  valleys  and  water- 
courses as. far  as  Neuwied  on  the  Rhine.  Lastly,  basaltic 
eruptions  took  place  around  the  circumference  of  the  basin, 
and  either  protrude  through  the  tufaceous  deposit  alluded  to, 
or  have  added  to  the  height  of  the  walls  of  the  crater  to  such 
a  degree  as  to  have  obstructed  its  drainage  on  the  south-eieist, 
and  to  have  caused  the  waters  to  discharge  themselves  in  a 
new  direction  to  the  south-west  into  the  ancient  stream  of 
the  Nette. 

Similar  crater-shaped  cavities^  consistiDg  of  scoriform  matter, 
and  accompanied  by  cones  of  trachyte,  occur  in  various  other 
localities  within  the  district  bounded  by  the  rivers  Nette  and 
Briibl.  Small  hillocks  of  slag  also  are  here  and  there  met 
with,  and  evidences  of  the  ejection  of  basaltic  matter  may  be 
also  perceived  in  the  cappings  of  many  of  the  hills  with  that 
substance. 

For  these  particulars  however  I  must  refer  to  Dr.  Hibbert's 
Monograph,  only  remarking  that  although  all  these  eruptions 
seem  to  belong  to  the  tertiary  period,  a  careful  examination 
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distinguishes  great  differences  in  their  age^  and  many  succes- 
sive  periods  of  eruption  in  the  volcanos  of  the  district. 

Throughout  the  neighbourhood  of  Andemach,  in  the  low 
ground  bounded  by  the  Eifel  mountains  on  the  one  hand^ 
and  those  around  Cobientz  on  the  other^  is  found  an  immense 
deposit  of  trass  or  pumiceous  conglomerate. 

In  no  situation  perhaps  does  it  occur  in  a  state  of  such 
development  as  near  the  village  of  Briihl,  in  the  glen  already 
adverted  to^  which  meets  at  right  angles  the  great  longitudinal 
valley  in  which  the  waters  of  the  Rhine  find  a  passage. 

The  valley  of  Briihl  seems  originally  to  have  been  an  exca- 
vation in  the  older  rocks  caused  by  some  disruption  of  the 
strata,  but  it  has  since  been  partially  filled  up  by  an  immense 
deposit  of  trass,  which  occupies  its  lower  portion,  but  does 
not  extend  to  the  summit  of  the  hills  which  bound  it.  This 
substance  varies  much  in  point  of  consistence  at  top  and  at 
bottom ;  in  the  latter  situation  being  almost  compact  enough 
for  a  building-stone,  whereas  in  the  former  it  is  more  loose 
and  friable.  It  contains  imbedded  fragments  not  only  of 
pumice,  but  also  of  clay-slate,  as  likewise  trunks  of  trees 
carbonized,  and  in  one  place  even  land-shells. 

It  has  been  observed  that  pumice  in  an  entire  state  is  most 
abundant  on  the  right  bank  of  the  Rhine  above  Cobientz, 
about  Engers,  Neuwied  and  Bendorf,  which  agrees  very  well 
with  what  we  should  expect,  if  we  suppose  .the  source  from 
whence  it  proceeded  lay  in  the  direction  of  the  Eifel  volcanos. 
The  origin  however  of  this  substance  has  given  rise  to  much 
discussion  in  Germany,  and  in  particular  between  Professor 
Noggerath  of  Bonn  and  M.  Steininger*,  to  whom  I  have 
already  alluded  as  the  author  of  certain  geological  tracts  on 
the  country  we  are  considering. 

The  former  regards  trass  as  the  result  of  showers  of  ashes 
and  pumice,  which  having  fallen  into  water,  became  mixed 

*  See  the  elaborate  paper  under  the  title  "  Gibt  Tacitus  einen  histo- 
rischen  Beweis  von  volkanischen  Eruptionen  am  Niederrhein/'  by  Profes- 
sors Nees  Von  Esenbeck  and  Noggerath,  in  the  3rd  volume  of  the  work 
entitled  '  Das  G^birge  in  Rheinland  Westphalen/  And  for  the  arguments 
GO  the  contrary  side,  the  works  of  Steininger,  especially  his  "  Gebirgskarte, 
Mainz."  1822,  p.  35. 
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up  with  the  mud  which  that  fluid  was  in  the  act  of  deposit- 
ing, together  with  the  fragments  of  the  contiguous  rocks 
carried  down  by  torrents  into  the  lowest  situations ;  the  hitter^ 
objecting  to  the  above  hypothesis,  suggests  that  it  may  be 
possible  to  trace  its  existence  to  mud  eruptions  similar  to 
those  recorded  as  having  occurred  among  the  volcanos  of 
Equinoctial  America. 

This  hypothesis  has  been  since  maintained  by  Dr.  Hibbert*» 
but  the  resemblance  which  the  trass  of  the  Rhine  bears  to  the 
tuff  about  Naples,  which  will  be  afterwards  considered,  would 
lead  me  to  assign  to  it  the  same  origin. 

Now  it  will  be  shown,  when  we  proceed  to  this  district  of 
volcanos,  that  the  tuff  of  the  Neapolitan  territory  cannot  be 
referred  to  any  mere  eruptions  of  mud,  both  from  its  vast 
thickness,  and  from  the  beds  of  shelly  marl  and  limestone 
which  alternate  with  it. 

As  however  the  rejection  of  one  hypothesis  does  not  imply 
the  admission  of  another,  it  will  be  necessary  to  consider  how 
far  the  opinion  of  Professor  Noggerath  may  be  reconcilable 
with  the  situation  and  other  phsenomena  of  the  trass  of  the 
Rhine. 

I  assume  as  an  acknowledged  fact,  that  this  material  is  de- 
rived in  part  from  comminuted  masses  of  pumice,  and  similar 
felspathic  substances  ejected  by  volcanic  action.  When  we 
look  therefore  at  the  country  in  the  neighbourhood  of  the 
Rhine,  especially  near  Andemach,  we  discover  pumice  in  two 

*  Dr.  Hibbert  conceives  the  primary  cause  of  the  deposition  of  this  tuff 
to  have  been  the  formation  of  a  crater  called  the  Lummerfeld,  to  the  north 
of  the  tertiary  lake  of  Gleis.  This  crater  having  been  filled  with  water 
was  converted  into  a  lake,  and  daring  the  continuance  of  the  volcanic 
action  became  occupied  with  tufaceous  mud  derived  from  volcanic  erup- 
tions. Upon  the  breaking  out  of  a  newer  and  lesser  crater  on  the  same 
site,  that  called  the  Kunkskopfe,  the  mud  was  displaced  and  distributed 
over  the  neighbouring  valley  of  Briihl.  A  new  crater- lake  was  formed 
within  the  Kunkskopfe,  in  which  a  fresh  accumulation  of  moya  or  mud  col- 
lected. This  in  like  manner  burst  its  barrier,  overflowed  into  the  valley  of 
Briihl,  dammed  up  the  waters  which  issued  from  the  upper  and  lateral 
valley  of  the  Briihl  so  as  to  reconvert  it  into  a  lake,  and  likewise  did  the  same 
to  the  lateral  valley  of  the  Kehl  contiguous.  These  lakes  gradually  gave 
way  to  the  corroding  action  of  mountain  torrents,  until  at  length  they 
were  converted  into  river-courses,  through  which  the  Briihl  and  the  Kehl 
now  find  their  way  into  the  Rhine. 
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difierent  Btates,  either  entering  as  one  of  the  ingredients  into 
the  composition  of  trass,  or  constituting  a  congeries  of  loose 
fragments  not  united  by  any  cement,  which  alternates  in  beds 
with  a  sort  of  loamy  earth  of  the  very  same  nature  with  that 
deposited  at  present  by  lakes  or  by  rivers  which  flow  through 
a  soft  stratum. 

The  first  idea  that  suggests  itself  in  order  to  account  for 
this  difference  is,  that  the  trass  was  formed  from  pumice  de- 
posited below  the  surface  of  water,  whilst  the  loose  fragments 
were  ejected  upon  dry  land ;  but  the  alternation  of  the  latter 
with  beds  of  loam  is  sufficient  to  prove  that  this  distinction  is 
not  altogether  admissible. 

That  since  the  retreat  of  the  ocean,  water  must  have  covered 
the  face  of  this  country  to  a  considerable  depth,  is  evident 
enough,  I  conceive,  from  the  existence  of  that  extensive  de- 
posit of  marl  or  loess  which  occupies  the  bottom  of  the  valley 
of  the  Rhine  from  Basle  to  Cologne,  the  thickness  of  which 
often  exceeds  forty  feet,  although  it  is  the  most  recent  of  all 
the  strata,  resting  often  upon  the  diluvium,  and  covered  by 
nothing  except  vegetable  mould.  The  nature  of  the  shells 
that  occiur  in  it,  which  are  the  same  with  those  found  at  pre- 
sent in  the  country,  proves  that  its  origin  cannot  be  very 
remote ;  and  its  apparent  identity  with  the  loamy  beds  which 
alternate  with  the  congeries  of  loose  fragments,  consisting 
chiefly  of  pumice,  that  occur  near  Andemach,  tends  to  show, 
that  at  a  period  subsequent  to  the  excavation  of  the  valleys 
in  general,  a  large  expanse  of  fresh  water  occupied  the  lower 
situations  in  this  part  of  Germany*.     As  however  the  water 

*  The  origin  of  this  "loess"  does  not  properly  belong  to  the  subject  of 
volcanos,  but  as  it  has  given  rise  to  much  discussion,  and  involves  con- 
siderations connected  with  the  changes  which  the  district  may  have  under- 
gone in  comparatively  modem  times,  I  will  here  subjoin  the  explanation 
which  Mr.  Lyell,  who  has  studied  it  minutely,  suggests  with  respect  to  its 
occurrence,  and  which  Mr.  Homer  adopts  as  the  most  rational  that  has 
been  offered : — 

"  Instead  of  supposing  one  continuous  lake  of  sufficient  extent  and  depth 
to  allow  of  the  simultaneous  accumulation  of  loess  at  all  heights,  and 
throughout  the  whole  area,  where  it  now  occurs,  we  may  conceive  that 
subsequently  to  the  period  when  the  countries  now  drained  by  the  Rhine 
and  its  tributaries  acquired  nearly  their  actual  form  and  geographical 
features,  they  were  again  depressed  gradually  by  a  movement  like  that 
now  in  progress  on  the  west  coast  of  Greenland.    In  proportion  as  the 
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liBS  not  ill  these  cases  given  rise  to  the  d^osttkni  of  tnisi»  it 
seems  neoesssrj  to  refer  tibe  latter  to  «ome  moie  ancieBi  po^ 
riod  where  the  drcumstanoes  of  the  case  were  so  fiur  ^tmmi 
as  to  occasion  a  difSerent  result. 

These  dreumstances  probably  wdre^  the  i^neater  d^^  of 
water  under  which  the  pulverulent  materials  were  dqpoiitec^ 
«nd  at  the  same  time  a  greater  thieiaiess  of  the  miss  ttscu- 
mulated^  owing  to  which  two  conditions  iudi  a  pressnie  was 
exerted  upon  the  component  parts  as  caused  them  to  oohsra^ 
and  in  some  cases  probably  to  exert  a  kind  of  ia^BMivve  aii^ 
traction  one  to  another,  by  which  a  considerable  degree  ef 
compactness  and  homogeneity  of  texturs*  was  oommunicatad 
to  the  whole,  such  as  we  observe  in  many  parts  of  the  toft 

To  this  view  of  the  subject  I  know  but  of  two  objeetiomi 
one,  the  prasence  in  the  trass  of  Briihl  of  landnriiells  stmihor 
to  tiiose  at  present  existing,  the  other,  its  filling  up  a  valley; 
but  the  former,  being  found  only  in  one  place,  may  have  been 
wadied  tibere  by  rain  or  torrents  at  some  subsequent  pesidd^ 
and  the  latter  ciroumBtanoe,  as  has  been  already  suggested^ 
may  have  been  produced  at  a  comparatively  eaily  period  by  a 
disruption  connected  with  volcanic  agenqr. 

If  these  suppositions  be  objected  to  as  gratuitoua,  I  would 
remark  that  they  are  proposed  merely  to  reconcile  the  fcHrma- 
tion  of  the  trass  of  the  Rhine  with  that  of  the  analogous 
formations  of  Hungary  and  Naples,  which  I  shall  afterwards 
consider,  and  to  explain  the  fact  of  its  occurrence  in  all  cases 
underneath  the  hesa,  and  never  alternating  with  it,  as  is  the 
case  with  those  beds  of  pumice  which  exist  uncemented  by 
any  paste* 

This  trachytic  tuff  therefore  would  seem  to  be  antecedent 
in  point  of  time  to  those  craters  existing  in  its  neighbourhood 
or  in  the  Upper  Eifel^  from  which  the  uncemented  pumice, 
seen  at  times  alternating  with  or  superimposed  upon  hess, 
was  ejected. 

But  perhaps  the  most  recent  of  the  volcanic  eruptions  that 


whole  distnct  was  lowered^  the  general  fall  of  the  waters  between  the  Alps 
and  the  ocean  would  be  lessened,  and  both  the  main  and  lateral  valleys 
becoming  more  subject  to  river  inundations  would  be  partially  filled  up 
with  fluviatile  silt  containing  land  and  fr^ahwater  shells." 
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has  occurred  in  the  whole  district  is  that  which  produced  the 
little  hill  of  Rodderburg^  bordering  upon  the  Rhine  and  front- 
ing the  romantic  island  of  Nonnenwehrt,  a  few  miles  to  the 
south  of  Bonn. 

This^  though  placed  by  the  side  of  the  Rolandseck,  a  hill 
consisting  of  prismatic  basalt  and  of  great  antiquity^  is  itself 
composed  entirely  of  slaggy  lava^  and  contains  a  perfect 
crater. 

According  to  a  German  geologist  quoted  by  Mr.  Homer, 
the  highest  point  of  the  crater  is  330  Rhenish  feet  above  the 
river,  its  longest  diameter  1000  paces,  its  shortest  700.  It  is 
seen  to  rest  upon  gravel.  Fragments  of  greywacke  and  of 
quartz  are  common  in  the  lava ;  they  are  found  imbedded  in 
it,  and  their  surfaces  are  frequently  vitrified.  These  vitrified 
pebbles  are  met  with  abundantly  among  the  scoriae  on  the 
sides  of  the  hill,  varying  in  size  fi*om  a  foot  to  the  tenth  of  an 
inch  in  diameter.  Volcanic  bombs  are  occasionally  found, 
and  some  which  the  author  broke  presented  the  following 
remarkable  appearance : — 

"  These  almost  perfectly  round  balls,  the  largest  of  which  might 
be  about  the  size  of  a  man's  head,  contained  in  the  interior  lapilli, 
small  rounded  portions  of  porous  lava,  vitrified  and  non-vitrified 
quartz  pebbles,  and  small  fragments  of  grejrwacke,  some  friable, 
others  vitrified,  and  some  unchanged.  These  bodies,  which  were  of 
the  size  of  nuts,  filled  the  whole  interior  space  of  the  bomb ;  they 
lay  chiefly  loose,  often  five  or  six  were  adhering  together,  or  single 
ones  were  fixed  to  the  sides  of  the  bomb,  so  that  by  breaking  the 
porous  lava-shell,  which  was  about  a  finger's  breadth  in  thickness, 
great  caution  was  necessary  to  prevent  the  contents  falling  out.  In 
the  interior  of  one  of  the  bombs  there  was  a  small  detached  crystal 
of  augite." 

Recent  however  as  this,  as  well  as  many  of  the  volcanos  of 
the  Eifel  appear  to  be,  yet  it  is  probable  that,  like  the  most 
modem  of  those  in  Auvergne,  their  eruptions  were  antecedent 
to  all  historical  records  at  least,  if  not  to  the  period  at  which 
the  country  was  first  peopled  by  man. 

Steininger*  and  others  indeed  appeal  somewhat  absurdly 

•  The  following  is  the  passage  to  which  they  allude : — 
*'  Sed  civltas  Juhonum,  socia  nobis,  malo  improviso  afiSicta  est.     Nam 
ignes^  terr&  editi,  villas,  arva,  vicos  passim  corripiebant,  ferebanturque  in 
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id  a  passage  of  Tadtus,  which  they  interpret  as  idmuig  il0 
an  enqytioii  of  ooe  of  the  Eifel  yolcanos  at  so  late  a  period  ti 
the  reign  of  Tiberius  CSaesar. 

The  historian  alluded  to  notices,  it  is  true^  in  his/ Annab/ 
a  fire  that  broke  out  from  the  earthy  and  ravaged  the  oonntiy 
of  the  Jidibnes^  ext^iding  even  to  the  ivalls  of  C!olognet 
:  lliis  fire^  it  is  added>  could  not  be  put  out  by  watery  and 
baffled  every  other  expedient,  until  the  inhabitants,  $ndii^ 
that  they  diecked  it  by  volleys  of  stones,  came  near,  and  at 
length  succeeded  in  smothering  it  by  throwing  heaps  of  dothes 
lipon  the  flames. 

The  passage  to  which  I  have  referred  has  give^  riae  to  ^be  wy 
elaborate  paper  by  Profeason  Ndggieratii  and  Neea  von  Bseabeek, 
published  in  the  work  before-quoted,  in  whidi  it  ia  ahown^  inik,  thpt 
Aere  is  no  certainty  as  to  the  country  whioh  the  p^ple  called  by 
Tadtua  "  Juhonea"  inhabited^  or  whether  indeed  that  be  the  true 
yeadhag;  aeoondly*  tiiat  a  fire  which  reached  the  walls  of  Cdogae 
could  not  be,  volcanic,  for  no  volcanic  appearances  exist  within 
twenty  miles  of  that  place,  the  nearest  crater  being  that  of  Rodder- 
burg,  just  described;  and  thirdly,  that  the  description  of  Tacitas 
applies  much  better  to  some  artificial  combiistion»  such  as  what 
might  be  caused  by  setting  fire  to  the  woods  or  headis  in  a  dry 
season,  than  to  anything  of  a  volcanic  nature.  It  is  indeed  quite 
ridiculous  to  refer  to  any  such  cause  a  fire  which  was  checked  by 
volleys  of  stones,  and  stifled  by  throwing  over  it  dirty  clothes ;  and 
if  we  conceive  ourselves  obliged  to  adhere  to  the  words  of  the  histo- 
rian, and  believe  the  flame  to  have  "  emanated  from  the  ground,"  it 
seems  more  likely  that  it  should  have  arisen  from  a  disengagement 
of  inflammable  gas,  than  from  the  usual  concomitants  of  an  erup- 
tion. 

When  however  we  recollect  that  at  the  period  to  which  we  allude, 
a  colony  planted  at  this  distance  from  the  seat  of  empire  bore  much 
the  same  relation  to  Italy  which  the  back  settlements  of  Canada  or 
the  wilds  of  Newfoundland  do  to  Great  Britain,  it  seems  scarce  an 
impeachment  upon  the  general  accuracy  of  the  historian  to  suppose, 

ipsa  conditSB  nuper  colonie  moenia.  Neque  eztingui  poteiuDt,  non  si  im- 
bres  caderent,  non  fluvialibus  aquis,  aut  quo  'alio  humore :  donee  inopift 
remedii,  et  ir&  cladis,  agrestes  quidam  eminus  saxa  jacere,  dein,  residenti- 
bus  flammis,  propius  aggressi,  ictu  fustium,  aliisque  verberibus,  ut  feras, 
absterrebant.  Postremo  tegmina  corpori  direpta  injiciunt,  quanto  roagis 
profana,  et  asu  poUuta,  tanto  magis  oppressura  ignes." — The.  Ann,  lib.  xiii. 
c.  57. 
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that  he  may  have  been  misled  by  popular  rumour  in  the  details  of  an 
event,  at  once  so  remote  and  so  little  affecting  the  general  interests 
of  the  state. 

Steininger  in  a  subsequent  publication  has  communicated  another 
fact  which  he  thinks  conclusive  as  to  the  modern  date  of  the  trass 
about  Bendorf,  namely  the  discovery  of  a  coin  of  Vespasian  imbedded 
in  the  substance  of  the  mass.  Unfortunately  however  it  turns  out 
that  Roman  altars  are  preserved  cut  out  of  this  very  same  rock,  so  that 
we  must  account  for  the  presence  of  the  piece  of  money,  as  perhaps 
it  is  not  very  difficult  to  do,  from  the  action  of  rains  or  torrents 
washing  down  upon  the  coin  a  quantity  of  this  trass,  which  after- 
wards became  consolidated.  We  may  also  remark  that  Steininger 
did  not  find  the  coin  himself,  but  received  it  from  one  of  the  work- 
men, whose  account  of  its  actual  position  cannot  be  greatly  depended 
upon*. 

It  is  also  certain  that  the  lava  of  Niedermennig  existed  in  the  time 
of  Augustus,  for  the  pillars  of  the  ancient  Roman  bridge  at  Treves 
are  built  of  this  material  f- 

But  though  we  are  under  the  necessity  of  attributing  to  the 

♦  See  the  memoir  before  alluded  to  in  Nbggerath's  '  Rheinland  West- 
phalen.' 

t  It  is  curious  that  Becanus,  in  his  '  Origines  Antwerpianie,'  lib.  i.  p.  60, 
attributes  the  fire  recorded  by  Tacitus  to  the  combustion  of  some  of  the 
bituminous  or  coaly  matter  so  common  near  Liege  in  the  Netherlands: 
"  Ubi  sunt  specus  illse  subterranese,  pigra  barathra,  montes  piceo  lapide 
sive  Asphaltide  constantes,  et  sylvae  obscursc." 

But  this  hypothesis  is  altogether  irreconcilable  with  the  statement  of  the 
historian  as  to  the  fire  having  reached  the  walls  of  CologDe,  a  city,  which 
from  its  distance  from  Liege,  as  well  as  from  the  structure  of  the  inter- 
vening country,  must  hav^been  quite  beyond  the  possible  influence  of  such 
an  event.  Becanus  likewise  supposes,  with  not  much  more  probability, 
that  this  was  the  spot  referred  to  by  Claudian  as  having  afforded  Ulysses 
an  entrance  into  the  infernal  regions : — 

Est  locus,  extremum  qu^  pandit  Gallia  littus, 
Oceani  praetentus  aquis,  ubi  fertur  Ulysses 
Sanguine  libato  populum  movisse  silent{lm« 
lUic  umbrarum  tenui  stridore  volantiim 
Flebilis  auditur  questus :  simulacra  coloni 
Pallida,  defunctasque  vident  migrare  figuras. 

Lib.  i.  Carm.  3. 123. 
But  those  who  consider  the  above  passage  as  a  sufficient  ground  for  as- 
suming the  existence  in  Gaul  at  that  time  of  appearances  analogous  to  those 
of  the  Phlegrean  Fields  near  Naples,  will  look  to  the  volcanos  of  the  Eifel 
district,  and  still  more  naturally  to  those  of  Auvergne,  as  their  probable 
site,  rather  than  to  the  coal  country  of  the  Netherlands. 
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Eifel  Volciaids  a  date  historicaUy  veiy  aneieiil^  geokgical^ 
•peakiiig  thqr  are  the  most  modem  in  tbis  put  of  Bunqpei 
for  the  remaining  rocks  near  the  Rhine  to  which  we  attribcite 
a  simSar  origin^  no  less  than  tliose  in  Hessia  and  on  tiie  bor- 
ders of  the  Thnringerwald,  belong  evidently  to  a  more  remote 
period.  The  latter  indeed  all  appear  to  have  been  8iibmitte4 
to  the  same  agents  that  have  affiscted  the  older  fimi^ona ; 
their  craters^  if  ever  they  existed,  have  be«i  obliterated ;  ^ 
cadences  of  their  destruction  are  seen  in  the  ndled  pebUes 
at  their  foot;  and  they  are  intersected  by  deep  vaUeys^  wbidk 
evince  at  least  the  long-continued  action  of  the  cauaeathit 
have  produced  them. 

Yet  it  would  appear  that  the  Rheniflb  volcanos  hafe  been 
principally  formed  during  the  period  at  which  the  tertiary 
beds  were  deposited,  for  I  know  of  no  iikitance  where  iliey 
are  covered  by  anything  older  than  the  gravel,  or  the  loesa^ 
both  of  which  may  be  regarded  as  alluvial,  and  ii^^any  casei 
tbey  are  seen  to  itst  upon  the  brown  ooal  f<»matbn« 

The  age  of  the  latter  does  not  appear  to  be  as  yet  detei^ 
mined,  but  it  is  probably  more  recent  than  the  period  ci  the 
plastic  day,  to  which  it  had  been  referred.  Oj^bo^  te- 
mains  offish  and  of  batrachians,  both  appertaining  to  extinct 
species,  are  found  in  it ;  and  those  which  it  contains  of  plants 
appear  to  belong  to  dicotyledonous  trees  and  shrubs,  bearing 
a  close  resemblance  to  those  now  existing  in  the  country. 

Mr.  Lyell  therefore  places,  although  doubtfully,  the  Rhenish 
volcanos  in  the  oldest  Pliocene  period ;  and  to  this  epoch  we 
may  perhaps  refer  the  rocks  at  the  Habichwald  near  Gassel, 
those  at  the  Meisner  near  Eschwege,  in  the  Westerwald  east 
of  Coblentz,  as  well  as  in  the  Siebengebirge  near  Bonn. 

Siebengebirge. 

The  latter  chain  of  hills  presents  in  some  measure  the 
general  features  of  the  whole,  and  shall  therefore  be  noticed 
more  particularly. 

On  the  eastern  bank  of  the  Rhine,  rising  abrdptly  from  the 
borders  of  the  river,  are  the  mountains  which  have  obtained 
this  appellation  from  the  seven  peaks  which  strike  the  eye  at  a 
distance.  To  the  north  they  seem  to  sink  more  gradually  into 
the  plain ;  but  on  the  south  they  terminate  in  the  ^^  castled 
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crag  of  Drachenfels/'  which  offers  on  that  side  a  very  precipi- 
tous front. 

This  chain  of  hills  consists  for  the  most  part  of  trachyte, 
but  that  rock  is  so  oflen  associated  with  basalt,  or  passes  into 
a  material  so  nearly  allied  to  the  latter,  that  we  feel  it  difficult 
to  admit  with  Beudant,  that  the  two  formations  are  produced 
by  different  processes  and  belong  to  distinct  epochs. 

I  observed  on  the  hills  above  Konigswinter  one  instance, 
in  which  a  dyke  which  penetrated  the  tuff  obliquely,  sending 
out  horizontal  branches  from  the  main  branch,  consisted 
partly  of  trachyte,  partly  of  basalt ;  and  where,  as  oflen  hap- 
pens, the  trachyte  becomes  charged  with  crystals  of  horn- 
blende, it  gradually  passes  into  a  black  substance  agreeing  in 
its  general  characters  very  nearly  with  basalt. 

Nevertheless,  I  do  not  dispute  that  the  principal  mass  of 
the  basalt  in  this  district  has,  as  Mr.  Horner  states,  been 
erupted  at  a  distinct  and  later  period,  dykes  of  it  frequently 
traversing,  not  only  the  older  rocks  of  the  district,  but  Uke- 
wise  the  tuff  and  even  the  trachyte,  whilst  there  is  no  in** 
stance  recorded  of  a  trachytic  dyke  traversing  basalt. 

Moreover,  the  basalt  has  every  claim  to  be  regarded  as  a 
distinct  member  of  the  volcanic  series,  forming  the  three  high- 
est hills  in  the  district,  namely  the  Duisberg  near  Linz,  the 
Oehlburg,  and  the  Lowenburg  in  the  Siebengebirge,  whilst 
the  extent  of  their  united  surfaces  is  fully  equal  to  that  occu- 
pied by  trachyte. 

We  must  distinguish,  then,  between  the  basalt  which  was 
ejected  in  large  quantities,  as  an  independent  and  later  pro- 
duct of  the  volcanic  operations,  having  spead  over  the  surface 
equally  of  all  the  igneous  and  neptunian  rocks  of  the  district, 
and  that  which  forms  an  integral  part  of  the  trachytic  forma- 
tion, and  has  all  the  appearance  of  being  contemporaneous 
with  the  latter. 

The  former  was  ejected  through  the  medium  of  dykes, 
which  are  seen  everywhere  intersecting  the  older  rocks ;  the 
latter  seems  rather  to  have  been  heaved  up  in  mass  through 
thick  strata  of  trass  or  trachytic  tuff,  which  had  been  pre- 
viously deposited. 

That  it  is  in  this  manner  the  Siebengebirge  have  been 
farmed,  appears  probable  from  an  examination  of  them  on 
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the  aide  tint  orcriookB  the  river.  We  here  may  trace  for 
aome  diatwioe  up  the  hill  a  micaceoua  slaty  sandstone  belong- 
ing to  tiw  MMadled  grey  wacke  foriuatioa  of  the  plain  below, 
containing  thin  teuas  of  anthracite.  This  is  covered  by 
neBrij  horiiontal  beds  of  a  kind  of  trass,  like  that  near  the 
lake  of  Lasch>  but  containing  less  pumice.  On  ascending 
to  B  greater  hdf^  Te  meet  at  length  with  the  trachyte,  which 
■eema  thoifiire  to  lie  under  the  other  rocks,  at  the  same  time 
that  it  riaes  above  them. 

Tltis  tnchyte  is  traversed  by  vertical  fissures,  as  is  the  lava 
<tf  Niedermenoig,  like  which  it  is  often  cellular,  and  contaius 
imbedded  portions  of  a  mixed  rock  looking  like  altered  gra- 
nite, but  in  whicli  the  felspar  is  changed  into  kaolin.  The 
podc  of  Dracheofele  consists  of  a  somewhat  different  variety 
of  tra^yte,  marited  by  its  laige  and  r^ular  crystals  of  ^asay 
Stiapar ;  udd  the  mountain  adjoining  it  on  the  west,  called  the 
Wolkenburg,  differs  from  eitlier,  containing  a  number  at 
mioute  acicular  cryatels  of  hombknde.  It  seems  evident  thtf 
these  rocka  have  both  been  forced  up  tbrotf^h  the  palseosoie 
rocks,  which  indeed  continue  until  we  reach  nearly  two-thirds 
of  the  entire  b^ht.of  the  Wolkenburg,  They  are  corared 
by  the  same  Axus  which  I  have  before  noticed. 

Near  Konigswinter  however  we  observe,  lying  betwixt  the 
palieozoic  rocks  and  the  trachyte,  a  very  compact  quartzose 
conglomerate,  which  Professor  Noggerath  has  referred  to  the 
brown  coal  formation,  seen  so  extensively  on  the  western  side 
of  the  Rhine,  It  is  rarely  observed  so  compact  as  in  this  in- 
stance, and  it  contains  masses  of  opal  in  which  the  fibrous 
structure  of  the  wood  is  plainly  discernible.  Thus  the  date 
of  the  trachyte  is  at  least  as  recent  as  that  of  the  brown  coal 
formation. 

The  basalt  of  the  Siebengebiige  and  its  Qeighbourhood  is 
frequently  columnar  and  sometimes  amygdaloidal  from  the 
presence  of  imbedded  minerals,  such  as  oUvine,  calcareous 
spar,  and  more  rarely  zeolites. 

In  these  respects  it  is  undistinguishable  from  the  basalts  of 
greater  antiquity  which  occur  elsewhere,  but  vesicular  masses, 
in  which  the  cells  are  not  filled  with  any  mineral  matter,  and 
possess  a  glassy  appearance,  are  also  to  be  met  with  in  it. 

Professor  No^erath  has  described  some  interesting  par- 
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taculars  which  may  tend  to  illustrate  the  general  structure  of 
the  basalt  in  these  localities,  in  his  account  of  the  quarries  of 
Obeicnssel,  at  the  southern  extremity  of  the  Siebengebirge. 

They  are  composed  of  basalt,  which,  though  more  commonly  com- 
pact, is  occauooally  found  vesicular,  and  the  vacuities,  which  are 
generally  oval,  appear  to  be  of  the  Nune  age  with  the  rock,  and  not 
to  have  resulted  from  decomposition.  Some  of  them  are  filled  with 
calcareous  spar,  carbonate  of  iron,  and  other  minerals,  but  others  are 
void. 

The  point  however  moat  worthy  of  notice  in  this  rock,  is  the  con- 
centric arrangement  of  its  parts. 

The  principal  quarry,  that  of  Ruckersberg,  situated  near  the 
summit  of  the  bill,  displays  this  structure  in  the  most  satisfiictory 
manner*.  We  observe  here,  not  a  cluster  of  globular  concreUuns, 
like  those  of  Bertrich,  nor  yet  a  line  of  prisms  parallel  to  each  other, 
as  in  many  parts  of  the  Vivarais,  but  a  succession  of  concentric 
coats,  which  on  the  northern  side  of  the  rock  are  broken  away,  hut 
in  that  which  is  entire  are  seen  encircling  one  another  in  such  a 
manner  as  to  create  an  impression  that  the  whole  may  have  once 
formed  an  immense  spheroid,  composed  of  a  series  of  laminn  wrapped 
round  a  common  centre. 

That  the  form  of  this  mass  was  elliptical,  having  its  longest  axis 
in  horizontal  direction,  appears  from  this  circumstance ; — that  to 
the  north  of  this  quarry,  but  exactly  parallel  to  it,  another  section 
of  the  rock  Is  exposed,  in  which  the  same  concretionary  structure 
presents  itself,  but  the  lamins  form  a  portion  of  a  curve  turned 
exactly  in  the  opposite  direction  to  that  of  the  former  locality. 

Thus,  let  A  be  the  quarry  of  Ruckersberg,  and  B  the  section  ex- 


■  See  NOggerath's  Rhnoland  Weatphalen,  vol.  ii.  p.  350. 
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posed  to  the  north  of  it,  the  following  will  be  the  disposition  of  the 
strata,  horn  which  it  is  evident  that  if  the  rock  had  not  been  broken 
away  in  the  interval,  an  ellipsis  would  have  been  formed. 

We  observe  too  as  we  descend,  that  whenever  a  section  is  ex- 
posed, the  direction  of  the  strata  is  such  as  corresponds  very  well 
with  this  idea,  the  rock  being  found  at  a  short  distance  below,  dip« 
ping  towards  the  same  point,  but  at  a  slighter  angle,  and  at  the 
bottom  becoming  at  length  completely  horizontal. 

Now  this  admits  of  a  ready  explanation,  if  we  suppose  the  whole 
mountain  to  have  constituted  the  same  great  elliptical  mass,  since  it 
is  evident,  that,  agreeably  with  this  structure,  the  dip  of  the  strata 
would  diminish  progressively  in  proportion  to  their  distance  from  the 
supposed  centre,  so  that  at  length  they  would  appear,  when  viewed 
within  a  limited  space,  altogether  horizontal. 

It  is  necessary  however  for  this  hypothesis,  to  assume,  that  the 
upper  portion  of  the  mountain  has  been  swept  away,  since  the  axia 
of  this  immense  spheroid  is  placed,  not  in  the  present  centre  of  the 
mountain,  but  about  the  site  of  the  quarry  of  Ruckersberg  near  its 
summit.  Now  as  this  quarry  is  about  300  feet  above  the  base  of 
the  hill,  we  must  attribute  to  the  latter  an  original  elevation  of  be- 
tween 500  and  600  feet. 

Besides  this  division  into  concentric  laminae,  the  basalt  of  Ober- 
cassel  has  likewise  a  tendency  to  form  columnar  concretions,  which 
always  range  at  right  angles  to  the  curvature  of  the  strata ;  hence 
when  the  latter  are  vertically  disposed,  the  prisms  are  horizontal, 
and  vice  versd ;  appearing  in  every  intermediate  position  in  accord- 
ance with  the  dip  of  the  laminae  themselves. 

The  Seven  Mountahis  above  referred  to,  although  they  may 
appear  isolated,  are  in  fact  a  prolongation  of  the  extensive  ba- 
saltic formation  of  the  Westerwald,  which  is  connected  with 
another  considerable  volcanic  district,  north-east  of  Frankfort, 
termed  the  Vogelsgebirge. 

From  the  latter,  the  isolated  basaltic  cones  of  Frankfort 
and  Hanau  on  the  one  side,  and  of  Cassel  and  Eisenach  on 
the  other,  seem  to  be  ramifications. 

Different  as  these  several  chains  may  be  to  each  other  in 
various  particulars,  they  have  the  following  characters  in 
common,  by  which,  if  I  mistake  not,  they  are  distinguished 
from  the  basalts  which  occur  associated  with  secondary 
strata. 

Although  frequently  as  compact  as  the  latter,  they  are 
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always,  when  viewed  on  the  great  scale^  found  to  be  accom- 
panied more  or  less  with  cellular  products,  the  cavities  of 
which  do  not  appear  to  have  ever  been  filled  with  infiltrations 
of  crystalline  matter,  which  is  the  case  with  the  amygdaloids 
accompanying  secondary  basalt.  These  cellular  rocks  fre- 
quently occur  on  the  highest  parts  of  the  chain,  as  near 
Rennerod  in  the  Westerwald,  where  they  rest  on  compact 
basalt,  as  though  the  latter  had  been  the  effect  of  the  pres- 
sure exerted  by  the  superincumbent  stratum.  In  other  places 
the  compact  basalt  is  seen  on  the  highest  portions  of  the  chain, 
whilst  beds  of  cellular  lava  occur  mantling  round  it,  implying 
that,  after  the  formation  of  the  central  mass,  ejections  of  cel- 
lular matters  had  succeeded,  which  ranged  themselves  round 
its  sides.     Such  is  the  case  in  the  Vogelsgebirge*. 

The  volcanos  of  the  Westerwald  are  also  identified  with 
those  of  the  Siebengebirge  in  consisting  partly  of  trachyte  t, 
and  likewise  in  Being  accompanied  with  strata  of  trass,  which 
seem  to  fill  up  the  bottom  of  the  valleys.  Concerning  the 
manner  in  which  the  latter  has  here  been  formed,  I  shall 
only  remark  at  present  that  the  existence  in  it  of  slag  and 
pumice,  as  well  as  the  rare  occurrence  of  fragments  of  com- 
pact lava,  like  that  of  the  mountains  encircling  it,  seem  to 
show,  that  it  is  derived  in  a  greater  degree  from  ejections  of 
pumiceous  matters,  than  from  the  detritus  of  the  surrounding 
country. 

Occasional  knolls  of  basalt  lie  scattered  over  the  whole 
space  between  the  Westerwald  and  Vogelsgebirge,  as  at  Lim- 
burg,  Wetzlar,  &c.,  which  some  may  consider  as  the  relics  of 
a  continuous  stratum  once  covering  the  country,  whilst  others 

*  Leonhard,  Basalt-gebilde,  p.  113. 

t  Mr.  Horner  states  in  his  Memoir,  that  the  trachyte  of  the  Wester* 
barg  had  not  been  examlDed  before  Professor  Mitscherlich's  visit  to  it  in 
1832.  It  was  noticed  however  by  myself  in  1825,  though  the  only  men- 
tion of  it  I  had  introduced  into  the  first  edition  of  my  work  was  that  com- 
prised in  the  short  sentence  in  the  text.  According  to  the  Professor,  it 
here  covers  a  space  quite  equal  in  extent  to  the  Siebengebirge,  although 
not  forming  such  elevated  hills.  In  texture  there  is  a  great  resemblance 
between  the  two,  and  it  is  accompanied  not  only  by  tuff,  as  I  have  stated, 
but  likewise  by  clinkstone.  It  seems  to  be  the  only  locality  in  Germany  in 
which  trachyte  occurs,  excepting  the  conical  hills  noticed  in  the  Rhine  pro- 
vince, and  the  Gleichenberg  in  Styria,  which  will  afterwards  be  described, 
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HMky  regaid  thoKi  as  predwed  by  dislitiet  eriiplioi^ 

eraic  matter.  ?r 

l%at  the  letter  18  the  tru<»  state  of  tlie  ease  appears,  I  tii^ 
Aom  compariiig  them  with  the  oonical  haaakic  hUla  nut 
Eisenach,  where  circumstances  have  oiabled  us  ta  asocrtaiit 
dg^jfy  the  idative  position  of  the  voicanic  mass  to  Hie  nsoof^ 
ligucHis  stratum*  -i^^i^r 

As  the  latter  appear  to  me  highly  interestiiig«  noloni|y  la 
theoiselves,  but  also  as  affording  a  key  to  the  strui^ure  of  Hit 
whole  country  we  are  considering,  I  diall  proceed  at  once  ti» 
describe  them,  without  noticing  the  rocks  intermediate*    1 

These  knolls  of  basalt  occur  in  the  second  ot  irariegated 
sapdBtone  fcnrmation,  and  appear  on  the  mr&ce  to  be  peifeci^ 
unconnected  one  with  the  other.  As  they  afford  a  vuludble 
material  for  the  roads,  so  much  of  them  has  in  many  cases 
been  removed,  that  the  rock  which  originally  rose  above  Ibe 
surface  of  the  sandstone  is  now  worked  coAnderaUy  bdow 
tiie  level  of  the  latter.  In  tradng  it  downwards  the  masf  ta 
generally  found  to  enlarge,  so  that  its  shape  appears  to  te^ 
semble  that  of  a  wedge. 

The  qiuarry  in  which  the  relation  of  the  basalt  to  the  0611* 
tiguous  rock  is  best  exhibited,  is  the  Pflasterkaute  near  Eise-^ 
nach  on  the  road  to  Frankfort  *. 

In  this  instance  the  excavations  are  carried  to  such  a  depth, 
that  we  are  enabled  distinctly  to  follow  the  basalt  more  than 

*  For  a  kDowledge  of  this  locality,  and  in  some  measure  for  the  power 
of  examining  the  geological  phsenomena  therein  displayed,  I  hold  myself 
indebted  to  a  very  intelligent  road-surveyor,  M.  Sartorius  of  Eisenach,  who 
began  many  years  ago  taking  advantage  of  his  situation,  to  expose  the  rock 
in  such  a  manner  as  might  enable  geologists  in  time  to  determine,  whether 
the  basalt  merely  lay  upon  the  sandstone,  as  the  Wernerians  would  suppose, 
or  had  been  forced  up  through  the  midst  of  it  from  a  considerable  depth. 
His  first  account  of  this  and  other  similar  spots  was  published  in  1802,  in 
a  small  pamphlet  entitled  "Die  Basalte  in  der  Gegend  von  Eisenach;"  but 
as  every  year's  consumption  of  stone  renders  the  excavations  deeper,  the 
fact  must  at  present  be  exhibited  in  a  more  satisfactory  manner  than  it 
was  when  he  wrote  his  first  pamphlet,  it  becoming  more  and  more  difficult 
to  explain  the  position  of  the  basalt  by  any  irregularity  of  surface  in  the 
subjacent  sandstone,  as  well  as  less  likely  that  any  termination  will  be  found 
to  the  dyke  as  we  penetrate  downwards. 

Sartorius  has  since  published  several  other  (xeological  tracts,  which  will 
be  specified  in  the  Appendix. 
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SO  feet  below  the  surface  of  the  sandstone.  The  line  of  junc- 
tion is  also  veil-displayed,  and  we  observe  the  sandstone, 
changed  from  a  horizontal  to  a  vertical  position,  split  in  all 
directions,  and  rendered  harder  and  whiter,  where  the  basalt 
touches  it. 

The  latter  is  in  some  places  compact,  and  in  otliers  cellular, 
in  which  latter  case  the  cells  arc  partly  empty,  and  partly 
filled  with  calcareous  spar,  quartz  crystals,  and  zeolite.  The 
central  portion  of  the  mass  is  always  freest  from  these  hollows, 
and  at  the  surface  there  is  generally  a  kind  of  tuff  made  up 
of  fragments  of  the  volcanic  rock  cemented  by  clay  or  sand. 

The  following  rude  sketch,  taken  on  the  spot,  may  serve  to 
^ve  an  idea  of  the  relative  position  of  the  several  rocks  dis- 
played in  the  quarry. 

Vertical  Seelion  qf  the  PJIatterlcauU  nt 


d,  Tutf  witJifn^mRiU  of  suidilODe.         e  e  e,  Debria. 

The  StoSelskuppe  and  the  Kupfcrgrube,  both  which  lie  at 
no  great  distance,  present  similar  phsenomena,  with  this  addi- 
tional circumstance,  that  the  masses  of  sandstone,  which  occur 
entangled  in  the  midst  of  the  volcanic  rock,  are  sometimes 
prismatic.  This  last  fact  is  however  best  displayed  near  the 
town  of  Budingen,  north  of  Hanau,  in  the  Wetterau. 

The  prevaibng  rock  in  this  country  is  the  new  red  sand- 
stone, but  on  the  slope  of  the  hill  south  of  the  town  occurs  a 
little  eminence  called  the  Wildenstein,  consisting  of  columnar 
basalt,  which  seems  altogether  isolated,  being  encompassed  on 
all  sides  by  sandstone. 

Though  we  are  not  enabled  here,  as  in  the  case  of  the  Fflos- 
terkaute,  to  observe  the  relation  of  the  trap  to  the  surrounding 
atratum,  yet  there  con  hardly  be  any  doubt  but  that  it  was 
h2 
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forced  tip  in  the  same  manner,  and  has  thus  cnrried  with  it 
those  portions  of  Bandstone  that  occur  in  the  very  midst  of 
the  basalt. 

These  portions  appear  to  have  been  curiously  altered  by  the 
heat  ti)  which  they  were  subjected  ;  they  are  hardened  ulmoat 
to  the  deg;rec  or  thoty  sittte,  are  rendered  white  and  splintery, 
and  in  most  instances  form  clusters  of  little  prisma,  possess- 
ing even  greater  regularity  of  form  than  those  of  the  basdlt 
Tvhich  encircles  them.  U  is  curious  to  mark  the  resomblanca 
between  the  priains  here  alluded  to,  and  those  produced  arti- 
ficially in  several  paits  of  Derbyshire  and  Yorkshire*,  where 
the  soft  friable  sandstone  of  the  country  is  rendered  serviceable 
for  road-making  by  exposure  to  heat,  which  hardens  and 
causes  it  to  split  into  small  colurauar  concretions. 

Sartorius  has  described  a  number  of  other  basaltic  eminences 
in  the  neighbourhood  of  Eisenach,  all  of  which  he  supposes 
to  have  been  thrown  up  in  a  similar  manner,  and  many  indeed 
of  which  are  proved  to  be  so  constituted. 

He  likewise  endeavours  to  showf  that  a  connexion  exists 
between  many  of  these  distinct  cones,  and  that  they  ore  in 
certain  caHes  grouped  round  some  common  centre,  forming  a 
system  of  basaltic  eminences,  which  possess  a  degree  of  cor- 
respondence in  position,  and,  !is  it  should  seem,  in  origin. 

In  the  instance  to  which  he  appeals,  the  central  point  (the 
Die(richherg)  is  a  large  overlying  mass  of  basalt,  the  direction 
of  which  appears  to  be  coaformable  with  that  of  the  subjacent 
rook ;  whilst  in  the  Hmaller  eminences  of  the  sama  formation 
distributed  round  it,  the  basalt  is  always  placed  obliquely,  and 
its  ioolination  is  found  to  vary  accordiDg  to  its  positiott  with 
reference  to  this  central  mass. 

Sartoriua  from  thence  concludes,  that  >11  these  detached 
cones  have  beep  thrown  up  from  a  common  point,  and  that  the 
focus  of  the  volcanic  action  lay  immediately  underaeatb  the 
Dietrichberg,  at  a  depth  which  he  thinks  might  be  calculated, 
by  considering  the  distance  of  any  one  of  these  masses  from 
the  centre  of  the  system,  coupled  with  the  degree  of  its 
inclination  {■ 

■  As  at  Rotherham. 

t  See  Ssrtorias,  Geognost.  Beobaeht.    Eisenach,  1831,  p.  100. 

}  He  howevsr  adnlts  the  uncertaiat^  of  Ihess  calculationt,  for  tbs  depth 
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My  principal  motive  for  noticing  this  statement,  which  I 
had  no  opportunity  of  verifying,  is  to  lead  to  an  examination 
of  other  similarly  constituted  basaltic  districts,  with  a  view  to 
ascertain  whether  any  such  arrangement  or  connexion  can  be 
perceived  amongst  them.  At  present  all  that  I  have  stated 
must  be  understood  to  rest  on  the  authority  of  Sartorius,  to 
whose  little  publications  I  may  refer  for  the  most  detailed 
account  of  these  basalts,  the  igneous  origin  of  which  he  has 
the  merit  of  having  maintained,  even  at  a  time  when  the 
authority  of  Werner  was  at  its  height. 

But  the  rock  perhaps  which  exhibits  the  greatest  combina- 
tion of  phaenomena  calculated  to  shake  any  preconceived 
opinion  with  respect  to  the  aqueous  origin  of  these  basalts, 
is  the  Blaue  Kuppe  near  Eschwege,  a  town  situated  also  in 
Hessia,  but  about  twenty  miles  north-east  of  the  above  locali-* 
ties*.  In  this  instance  compact  basalt  is  seen  associated  with 
a  substance  of  so  Ught  and  porous  a  description,  in  its  nature 
so  analogous  to  the  productions  of  modern  volcanos,  that  it 
would  indeed  argue  an  excess  of  scepticism  to  refuse  attributing 
it  to  the  same  cause. 

Unlike  the  other  volcanic  eminences  noticed,  the  Blaue 
Kuppe  consists  on  one  side  of  sandstone,  and  on  the  other 
of  volcanic  matter,  as  if  the  force  which  caused  the  ejection  of 
the  latter  had  at  the  same  time  elevated  the  former.  As  in  the 
Pflasterkaute,  the  sandstone  here  is  hardened  and  cracked  in 
all  directions  near  the  line  of  junction,  and  portions  of  it  are 
everywhere  imbedded  in  the  substance  of  the  basalt. 

at  which  the  volcanic  force  resided,  appreciated  by  the  obliquity  of  one  of 
these  masses,  is  125,248  feet,  or  upwards  of  four  geog.  miles,  whilst  by  an- 
other it  would  be  only  79,104  feet.  It  is  evident  indeed  that  the  inclination 
of  the  basalt  is  influenced  by  too  many  causes  to  afford  any  correct  data  for 
such  an  estimate. 

*  It  is  remarkable  that  Daubuisson,  in  his  'Account  of  the  Basalts  of 
Saxony,'  never  alludes  to  this  mountain,  although  he  seems  to  have  par- 
ticularly examined  the  Meisner,  which  lies  no  more  than  half  a  dozen  miles 
off  from  it,  and  to  which  he  appeals  as  affording  evidence  of  the  aqueous 
origin  of  trap.  It  would  be  curious  to  learn,  whether  this  omission  was 
the  effect  of  accident  or  design ;  for  the  difficulty  of  accounting  for  the 
phienomena  of  the  Blaue  Kuppe  on  Wernerian  principles  suggests  to  us 
an  explanation  of  his  conduct  more  flattering,  it  must  be  confessed,  to  the 
prudence  than  to  the  candour  of  the  geologist  in  question. 
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Besides  the  principa]  mass  of  volcanic  matter  occupying 
one  entire  side  of  the  hill^  are  several  dykes  which  penetrate 
the  sandstone^  enclosing  portions  of  it,  and  altering  its  stra* 
tification  in  a  very  remarkable  manner* 

One  of  these  appears  to  be  a  prolongation  of  the  principal 
mass^  but  two  others  that  occur  a  little  on  one  side  have  no 
connexion  with  it  on  the  surface.  The  upper  portions  of  this 
rock  consist  of  a  sort  of  tuflF  composed  of  fragments  of  cel- 
lular and  compact  lava,  intermixed  with  sandstone  and  ce- 
mented by  wacke,  whilst  the  nucleus  is  composed  of  basalt, 
which  is  sometimes  cellular,  but  with  the  cavities  for  the  most 
part  filled  with  crystalline  matter. 

The  quarry  that  has  been  made  in  this  rock  exposes  a 
cavern  in  the  midst  of  the  volcanic  matter,  which  serves  still 
more  fully  to  identify  it  with  modern  lava. 

The  basalt  is  here  disposed  in  irregular  strata,  possessing 
a  curvature  corresponding  with  the  arch  of  the  cavern,  and 
in  its  interior  I  found  specimens  of  a  more  cellular  variety  of 
the  same  rock,  which  seems  to  have  depended  from  the  roof, 
like  the  stalactites,  as  they  are  improperly  termed,  of  the  caves 
in  the  island  of  St.  Michael*. 

A  few  miles  north  of  the  Blaue  Kuppef  stands  the  Meisner, 
which  not  many  years  back  was  appealed  to  in  proof  of  the 
aqueous  origin  of  basalt,  but  which  will  probably  now  be  viewed 
as  affording  additional  evidence  of  the  contrary  hypothesis. 

The  basalt  here  forms  an  extended  plateau  overlying  the 
new  red  sandstone  formation ;  though  in  many  places  it  docs 
not  do  so  immediately,  there  being  here  and  there  interposed 
a  deposit  of  brown  coal  similar  to  that  before  noticed. 

The  latter  is  not  only  rendered  columnar,  as  Daubuisson 
admits,  near  the  line  of  contact  with  the  basalt  J,  but  I  am 
assured  that  it  is  also  converted  into  anthracite.  Daubuisson 
however  contends  that  this  alteration  is  not  universal,  and 
therefore  that  the  incumbent  mass  can  never  have  been  in  a 

*  See  Dr.  Webster's  description  of  that  island. 

t  There  is  a  drawing  of  this  mountain  by  Von  HofF,  together  with  a  com- 
plete description,  in  the  Magazin  der  Berliner  Gesellschaft  Naturforschender 
Freunde,  5th  year.  An  extract  from  the  account  may  be  seen  in  De  la 
Beche's  Geological  Memoirs,  p.  100. 

\  $ee  Pavibuisson  on  Basalt,  translated  by  Neill,  p.  204,  note. 
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melted  state, — an  objection  which  will  be  best  met  in  a  future 
part  of  this  work,  when  I  shall  have  occasion  to  show  that 
even  modem  lavas,  in  flowing  over  the  surface  of  a  rock,  do 
not  always  produce  any  change  upon  it. 

The  basalt  passes  gradually  into  agranular  substance,  which 
may  be  called  augite  rock,  consisting  of  felspar,  augite,  a  little 
hornblende,  and  grains  of  titaniferous  iron.  All  the  upper 
part  of  the  platform  is  composed  of  this  substance,  which 
differs  from  the  basalt  underneath  only  in  the  more  distinct 
crystallization  of  its  component  parts  *•  This  was  also  one 
of  the  circumstances  appealed  to  by  the  Wemerians  in  proof 
of  the  aqueous  origin  of  the  rock,  as  it  was  conceived  that  such 
a  crystalline  structure  would  have  been  obliterated  by  heatf ; 
and  even  Dolomieu  was  led  by  this  consideration  to  admit 
the  Wemerian  doctrine  with  respect  to  greenstone.  At  that 
time  the  experiments  of  Sir  J.  Hall,  Watt,  and  others,  had 
not  yet  induced  geologists  to  admit  that  crystals  might,  under 
certain  circumstances]:,  have  been  the  very  result  of  the  pro- 
cess which  was  at  first  imagined  to  be  incompatible  with  their 
existence. 

Near  Cassel  is  a  lofty  ridge  of  mountains  called  the 
Habichtswald,  which,  including  the  Domberg  and  other  hills 
connected  with  it  in  character  and  position,  forms  a  large 
square  of  about  four  German  or  twenty  English  miles  to  the 
west  of  that  city. 

It  consists  principally  of  beds  of  tuff,  associated  with  scori- 
form  lava  and  compact  basalt,  often  containing  nests  of  olivine, 
and  the  whole  resting  on  a  bed  of  brown  coal,  or  where  that 
is  wanting,  on  freshwater  limestone. 

The  basalt  penetrates  the  brown  coal  in  dykes  and  envelopes 
it,  as  it  were,  in  masses  varying  from  4  to  100  feet. 

The  smaller  of  these  masses  are  generally  of  a  loose  consistence, 
and  are  made  up  chiefly  of  tuflf  or  conglomerate.  They  produce  but 
little  change  upon  the  character  of  the  brown  coal,  and  are  sepa- 
rated from  it  by  a  coating  of  clay. 

The  basaltic  masses  of  from  10  to  12  feet  in  thickness  consist 

*  The  same  association  of  greenstone  and  basalt  occurs  at  Deaulieu  in 
Provence.     See  page  43. 

t  See  Daubuisson  on  Basalt.  I  See  my  Fourth  Lecture. 
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in  the  centre  of  compact  basalt,  but  on  the  udes  of  toff  and  con- 
^omerate.  Their  influence  on  the  brown  coal  extends  for  an  inch 
or  an  inch  and  a  half  only.  But  when  the  basaltic  mass  approadiea 
loo  feet  in  thickness,  as  in  one  instance  is  the  case,  the  goal  is  di- 
"dded  into  prismatic  masses  near  the  point  of  junction,  or  is  separated 
from  it  by  the  intervention  of  highly  comminuted  shining  portions  of 
tlie  same.  Further  from  the  basalt,  the  coal  is  much  fissured*  and 
smells  stron^y  of  iron  pyrites,  which  is  found,  along  with  green 
vitriol  and  selenite,  pervading  its  mass.  In  some  places  ike  lignite 
puts  on  the  character  of  glance  coal. 

The  basaltic  conglomerate  is  also  in  some  places  associated  with 
plastic  day,  and  when  this  is  the  -case,  the  latter  is  converted  into 
polishing  sl«te,  containing  impressions  of  fish,  and  indicating  by  its 
nitrogenous  constitution  the  existence  in  it  of  animal  exnvitt. 

The  tuff  includes  fragments  of  many  vitreous  and  highly  cellular  va- 
rieties of  lava,  such  as  would  seem  to  denote  a  recent  origin  compared 
to  that  of  the  trap  rocks  in  the  neighbourhood.  Its  structure  is  well 
Splayed  near  the  pleasure-grounds  of  the  Elector,  above  the  palace 
of  WUhelmshohe*. 

The  hilla  above  particularized  may  aerve  to  illustrate  the 
general  structure  of  those  numerous  basaltic  cones  which  lie 
scattered  for  a  considerable  distance  on  all  sides  of  the  Seven 
Mountains^  the  Westerwald,  and  the  Vogelsgebirge^  outliers, 
as  it  were,  of  that  great  volcanic  formation,  which  in  the  latter 
places  covers  the  whole  face  of  the  country. 

Other  examples  of  the  same  kind  are  furnished  by  the  neigh- 
bourhood of  Frankfort  and  Hanau,  where  small  wedge-shaped 
prominences  of  compact  basalt,  gradually  becoming  cellular 
near  the  surface,  appear  to  have  been  thrust  through  the 
midst  of  the  sandstone  formation. 

At  Steinheim  near  Hanau  the  cells  of  the  basalt  are  occu- 
pied by  a  variety  of  sparry  iron  ore,  called  by  Haussman 
spha^rosiderite,  which  forms  a  number  of  spheres  varying  from 
a  line  to  an  inch  and  a  half  in  diameter,  more  generally  quite 
compact,  but  sometimes  hollow,  and  containing  within  a 
nucleus  of  a  yellowish  or  ochreous  matter,  efFervescing  feebly 
with  acids,  and  yielding  with  difficulty  to  the  knife. 

I  observed  some  circumstances  relative  to  this  mineral  and  the  rock 
containing  it  which  seem  to  deserve  a  brief  notice. 


*  See  Raspe's  account  of  some  German  Voicanos,  l^ondon,  1776. 
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One  wu  the  occurrence  of  a  sort  of  vein  of  cellular  basalt  passing 
through  the  substance  of  the  compact,  like  the  coarse- grained  granite 
which  we  sometimes  see  penetrating  a  fine-grained  variety.  In  the 
midst  of  the  cellular  portion  was  a  cavity  filled  with  the  spathoae  iron 
above-noticed,  as  in  the  sketch  underneath,  where  a  a  arc  the  por- 
tions of  compact  basalt;  B  B  those  which  are  cellular  ;  C  the  cavity 
iritb  sphaerosiderite  coating  its  walls. 


Another  circumstance  which  I  remarked,  was,  that  the  external 
surface  of  the  spheres  had  In  some  cases  a  covering  of  white  cal- 
careous matter,  in  a  powdery  form,  sprinkled  over  it. 

'llie  third  observation  I  made  indicated  still  more  strongly  that 
the  whole  had  been  in  fusion,  namely,  the  spheres  being  sometimea 
found  flattened  at  the  points  where  they  appeared  to  have  been  in 
contact  with  the  lava. — an  effect  Brising  in  all  probability  from  the 
contraction  that  took  place  in  the  surrounding  parts  whilst  under- 
going cooling. 

Semi-opal  also  occurs  between  the  interstices  of  this  same  rock, 
and  I  have  even  »een  specks  of  noble  opal  disseminated  through  its 
substance. 

The  basalt,  both  near  Frankfort  and  near  Hanau,  shows  a 
remarkable  tendency  to  conceDtric  arrangement,  and  as  it  con- 
tains much  iron,  which  becomes  readily  oxidized,  the  external 
layers  decompose  and  peel  off,  leaving  only  a  small  nucleus  of 
compact  basalt  retaining  its  original  characters.  In  some 
cases  the  cellular  and  compact  basalt  occur  intermixed,  but  in 
others  the  former  is  confined  to  the  superficial  portions.  The 
cells,  however,  in  these  instances  do  not  form  that  sort  of 
network  which  is  usual  to  them,  but  constitute  long  cylindrical 
tubes  distinct  from  each  other,  just  such  as  would  be  occasioned 
by  bubbles  of  gas  forcing  their  way  upwards  through  e  soft 
pulpy  substance. 

Enough  has  already  been  said  respecting  the  general  struc- 
ture of  the  Westerwald  and  the  Vogelsgebii^e,  which  appear 
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to  be  composed  of  extensive  plateaus  and  cones  of  basalt, 
covering  the  rocks  of  the  country,  but  never  alternating  with 
them.  Nor  is  there  much  to  be  learnt  with  regard  to  the 
manner  of  their  formation  by  examining  the  districts  them- 
selves ;  and  we  might  conceive  a  Wernerian  of  the  old  school, 
if  he  were  to  overlook  or  explain  away  the  occurrence  of  cellular 
products  amongst  them,  persuading  himself  that  the  whole 
was  the  result  of  aqueous  deposition, — ^the  evidence  of  that 
return  of  the  waters,  which  is  supposed  to  have  given  birth  to 
the  newest  floetz  trap  formation  of  his  master. 

When  however  we  turn  to  the  dykes  of  basaltic  matter  (as 
they  may  be  called)  which  are  scattered  all  around,  we  can 
hardly  help  imagining  that  these  more  extensive  formations 
of  the  same  rock  have,  in  reality,  been  produced  in  the  same 
manner — that  the  more  elevated  masses,  which  are  generally 
most  compact,  were  first  thrown  up  by  the  agency  of  a  volcano 
— and  that  the  cellular  matters,  being  subsequently  ejected, 
arranged  themselves  around  them  in  successive  strata.  The 
volcanic  operations,  taking  place  with  the  greatest  intensity 
round  the  area  now  occupied  by  the  Vogelsgebirge  and  the 
other  basaltic  groups,  woidd  completely  cover  with  their  pro- 
ducts the  surface  of  the  Subjacent  rock ;  whilst  at  a  greater 
distance  from  the  sphere  of  their  activity,  isolated  cones  of  ba- 
saltic matter  might  be  occasionally  thrown  up,  as  at  Eisenach, 
at  Cassel,  in  the  neighbourhood  of  Frankfort,  and  on  the  west 
bank  of  the  Rhine. 

Besides  the  volcanos  above  enumerated,  there  occur  near 
the  borders  of  the  Rhine,  but  higher  up  the  stream,  other 
rocks  which  are  considered  to  have  a  similar  origin. 

In  the  Odenwald,  a  group  of  hills  in  the  neighbourhood  of 
Heidelburg,  rise  from  the  midst  of  the  new  red  sandstone 
some  eminences,  in  which  basalt  is  associated  with  augite  rock 
(dolerite  of  Brongniart),  and  contains  nepheline  (Katzen- 
buckel),  mica,  mesotype,  olivine,  and  tltaniferous  iron  ore. 
The  rock  itself  is  probably  analogous  to  that  of  the  Hessian 
basalts.  That  containing  augite  is  seen  in  situ  at  Gaffstein, 
whilst  the  one  in  which  olivine  is  present  occurs  at  Pcchstein- 
kopf  and  Durkheim*. 

*  See  Leonhard,  Taschenbuch  for  1822. 
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Near  Freyburg  in  the  Brisgau  is  the  group  of  the  Kaiser- 
stubl,  of  which  Dr.  Bou^  has  given  an  account  in  his  memoir 
on  the  South-west  of  France  *.  It  appears  from  his  report 
to  be  a  mass  of  augite  rock  with  excess  of  felspar  (dolerite 
felspathique)  thrown  up  from  the  midst  of  the  plastic  clay* 

The  highest  mountain  in  the  group  is  the  Kaiserstuhl,  which 
rises  to  the  height  of  about  1120  feet  above  the  river,  and  this 
with  the  other  eminences  composed  of  the  same  materials  is 
ranged  in  an  elliptical  form  round  a  valley. 

These  rocks  offer  no  trace  of  craters  or  streams  of  lava,  the 
volcanic  force  having  only  heaved  up  masses  which  it  had 
previously  brought  into  a  soft  or  plastic  condition,  rendering 
them  likewise  slaggy  at  their  surface ;  whilst  at  the  same 
period  the  many  smaller  and  lower  knolls  which  occur  at  Old 
Brisach  and  Mohlberg  were  elevated  from  beneath.  The  cel- 
lular portions  contain  calcareous  spar  and  mesotype,  and 
hyalite  occurs  both  within  the  cavities,  and  incrusting  the 
surfaces  of  the  rock.  Tufaceous  matters  are  not  common,  but 
they  occur  along  the  Rhine  at  Brisach,  where  they  seem,  like 
those  near  Eisenach,  to  be  contemporaneous  with  the  dolerite. 

I  am  also  assured  that  the  rock  of  Kaiserstuhl  is  partially 
covered  with  a  calcareous  deposit,  the  only  instance  I  believe 
among  the  Rhenish  volcanos  in  which  this  association  occurs. 

Saussuret^  who  visited  this  group  in  1794,  and  who  appears 
to  have  been  somewhat  swayed  by  the  authority  of  Werner, 
is  nevertheless  compelled  to  acknowledge  the  volcanic  origin, 
both  of  the  rocks  about  Limburg,  which  are  in  part  penetrated 
with  oval  cells,  in  great  measure  void,  and  of  the  tuff  about 
Echardberg,  which  contains  fragments  of  scoriform  lava.  The 
origin  of  the  basalt  itself  he  considers  doubtful ;  but  few  at 
the  present  day  will  concur  with  him  in  that  opinion,  con- 
sidering how  intimate  appears  to  be  the  connection  between 
the  porous  and  compact  rocks  in  this  locality.  Upon  the 
whole,  the  group  of  the  Kaiserstuhl  may  be  set  down  as  be- 
longing to  the  same  aera  as  the  basalt  of  the  Westerwald  and 
the  trachyte  of  the  Seven  Mountains,  having  been  protruded 
during  the  latest  tertiary  period. 

A  few  miles  to  the  north  of  the  Lake  of  Constance  is  the 

*  Annates  des  Sciences  Naturelles^  August  1824. 
t  Journal  de  Physique,  vol.  xliv. 
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commeD cement  of  another  series  of  basaltic  and  porphyritic 
cones,  first  seen  at  Uohentwiel  and  in  several  detached  hills 
coDtigiious,  which  rise  from  the  midst  of  the  (Jura?)  lime- 
stone formation. 

They  consist  in  part  of  clinkstone  and  in  part  of  basalt, 
accompanied  with  tuR*  containing  fragments  of  trap  rock 
(always  compact)  as  well  as  uf  gneiss,  limestone,  quartz,  &c., 
all  cemented  by  a  nacke-Iikc  paste  of  nn  ochrcous  colour. 

In  the  hill  of  Magdeburg,  a  passage  is  said  to  exist  between 
the  clinkstone  and  the  basalt  * ;  at  Hoheutwie!,  the  former 
contains  veins  and  nodules  of  uatrolite,  together  with  opal, 
pitchstone,  and  hyalite. 

In  Wirtemburg  basalt  occurs,  both  in  overlying  masses  and 
dykes,  in  various  places  along  the  chain  of  the  Rauhe  Alp 
south  of  Tubingen,  being  perhaps  connected  with  the  rocks  of 
Swabia  above-described.  Professor  Scublerf  remarks,  that 
the  horizontal  stratification  of  the  limestone  composing  that 
country  is  destroyed,  wherever  the  basalt  approaches  it. 

The  chief  localities  are  Linsenhofcn,  Faisel,  Dcttingen, 
Jusiberg  near  Urach,  Grabenstetten,  Donstetten,  the  valley 
of  Guttenburg,  Rauberatege  near  Brachen,  and  the  neigh- 
bourhood of  Dottingen,  Otfenhausen,   Ehningen,  and  Do- 


Basaltic  rocks,  many  of  which  are  probably  referable  to  the 
Bsme  chiss  as  those  idready  noticed,  appear  to  be  scattered 
over  maay  parts  of  Germany,  especially  the  skirts  of  the 
"niuringerwald,  the  Fichtelgebirge,  the  mountains  of  Saxony, 
and  the  Riesengebirge  of  Silesia.  Of  these  I  shall  bring  to- 
gether  a  few  particulars,  though  th  a.  information  I  have  been 
able  to  glean  concerning  them  is  scanty  and  imperfect. 

The  Rhongebirge,  a  chain  of  mountains  east  of  Fulda,  ap- 
pears to  be  a  continuatjon  of  the  same  overlying  formation 
which  constitutes  the  Vogelsgebii^,  and  is  seen  in  so  many 
other  parts  of  Hessia. 

*  See  for  this  and  other  particulars  a  Memoir  in  Leouliard'a  Tascbeabuch 
for  1823,  by  tbe  Oberbergrath  Seib. 

t  The  Wirtetoburgischer  Jahrbucher  for  1824  contains  an  account  of 
tliese  basalts,  sod  an  extract  u  giTeo  from  it  in  the  Bulletin  des  Sciencea 
fbt  November  1825. 
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Of  this  district  I  have  seen  no  account  of  more  modern 
date  than  that  of  Voigt  in  his  work  entitled  ^  Beschreibung 
dea  Hochstifts  Fuld/  published  in  ]  783,  except  a  few  short 
notices  by  Dr.  Bou^  and  Professor  Leon  hard. 

The  former  writer  speaks  of  the  whole  country  as  indica- 
ting volcanic  action,  containing  in  most  parts  rocks  of  basalt 
and  of  clinkstone  porphyry  (hornschiefer). 

South-east  of  Fulda  is  a  circular  cavity  which  he  considers 
to  have  been  a  crater,  and  which  is  full  of  water,  like  the 
Maar»o(  the  Eifel  district.  It  is  closed  in  by  two  hills,  which 
meet  towards  the  east,  but  on  their  western  extremity  leave 
an  aperture  in  which  the  hollow  called  the  crater  is  found. 
The  first  of  these  hills,  called  the  Euben,  is  composed  of  what 
Voigt  denominates  lava,  probably  a  scoriform  or  araygdaloidal 
basalt ;  the  second,  the  Pferdekopf,  of  porphyry  slate,  which 
seems  to  have  been  forced  through  the  former.  The  sandstone 
rock  adjoining  is  hardened  and  otherwise  altered,  and  where 
the  lava  is  in  contact  with  it,  there  is  an  intermixture  between 
the  two. 

Dr.  Bou^,  in  his  memoir  on  Germany,  notices  the  passage 
of  this  same  clinkstone  rock  into  a  kind  of  pearlstone  at 
Heldburg  near  Coburg. 

From  this  account  of  Voigfa  one  should  be  led  to  con- 
jecture, that  some  of  the  volcanic  rocks  of  the  Rhongebirge 
are  of  a  very  recent  geological  date ;  but  as  I  am  not  aware 
that  the  statements  of  this  geologist  have  been  confirmed  by 
any  more  modern  observer,  his  report  must  be  received  with 
some  mistrust. 

The  example  indeed  of  Faujas  St.  Fond,  who  saw  traces  of 
craters  in  the  basaltic  rocks  of  the  Hebrides,  ought  to  render  us 
cautious  in  receiving  the  accounts  given  by  geologists  of  this 
school,  at  a  period  when  every  volcano,  of  whatever  age,  was 
imagined  to  have  been  formed  afler  the  model  of  Etna  and 
Vesuvius. 

On  the  north-eastern  limit  of  Bohemia  at  the  foot  of  the 
Fichtelgebirge  occurs  a  series  of  basaltic  cones^  extending 
from  Egra  to  Park  stein. 

The  most  remarkable  of  these  is  the  Hoher  Parkstein  near 
Weiden,  which  rises  through  the  midst  of  the  Keuper,  and  is 
marked  by  its  isolated  position,  as  well  as  by  its  conical  form 
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and  greater  altitude,  from  the  other  hills  in  its  nelghhourhooil. 
On  the  southern  and  south-western  slope  basalt  crops  out  in 
fine  columns,  but  in  the  other  sides  conglomerates  and  tufa- 
ceous-looking  maases  prevail,  which  also  extend  to  the  summit. 
Now  the  fact  of  the  elevation  of  theae  volcanic  rocks  through 
the  Keuper  sandstone  is  confirmed  by  6nding  imbedded  in 
the  midst  of  the  basalt  angular  fragments  of  various  sizes, 
from  that  of  a  hempseed  to  one  of  six  or  eight  inches  in 
diameter,  which  by  their  violet  or  lavender-blue  colour  are 
contrasted  with  the  black  matrix  in  which  they  are  imbedded. 
A  careful  examination  distinguishes  in  them  portions  of  fel- 
spar and  granules  of  quartz  more  or  less  fused  and  united  lo 
the  matrix,  although  the  line  of  junction  is  generally  well-de- 
fined. 

Beds  of  clay,  and  even  of  a  fine-grained  sandstone,  appear 
to  alternate  with  those  of  the  basalt. 

Other  localities  in  the  same  range  where  basaltic  rocks  may 
be  seen  are,  Neuatadt  am  Kulm,  Kemnat,  Kulmain,  Prieden- 
felfl,  and  five  different  spots  between  the  villages  of  Waldsas- 
sen,  Redwitz  and  Witterstein. 

These  however  are  volcanic  rocks  of  probably  great  an- 
tiquity, but  in  the  immediate  neighbourhood  indications  occur 
of  igneous  action  belonging  to  as  recent  a  date  pcrhaj>s  as 
those  which  I  have  described  existing  in  the  Eitel,  for  near 
the  town  of  Egra  the  little  hillock  of  Kammerbei^  presents  a 
specimen  of  the  smallest  volcano,  as  Berzeliua  says,  of  its  kind 
in  the  world.  This  locality  attracted  also  the  notice  of  Goethe, 
who  has  ^ven  a  dcBcription  of  it  in  his  '  Morphologic.' 

On  approaching  it  in  a  westerly  direcldon  we  find  ourselves  at  the 
foot  of  a  very  hard  irregularly- divided  basalt,  which  risea  about  twelve 
feet  from  the  ground.  Its  direction  is  vertical,  but  ia  from  time  to 
time  concealed  by  slags  and  earth.  The  basalt  becomes  more  and 
more  porous  and  cellular  from  below  upwards,  until  at  the  summit 
of  the  Kammerberg  it  passes  into  a  perfect  slag,  respecting  the  origin 
of  which  there  can  be  no  question,  more  especially  as  it  incloses  nu- 
merous  clusters  of  olivine. 

Here  too  is  a  small  level  surface  where  the  supposed  crater,  a  cir- 
cular hollow,  is  found. 

On  the  eastern  side  of  the  Kamraerberg  a  small  section  has  been 
made  in  it  for  the  sake  of  constructing  a  path.    On  its  perpendicular 
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side  are  numerous  beds  of  earth  of  diiferent  thicknesses,  dipping 
downwards  at  an  angle  of  from  five  to  seven  degrees,  and  consisting 
of  a  great  variety  of  rocks  rendered  scoriaceous  by  fire,  between  which 
beds  of  a  different  kind  appear,  the  latter  without  doubt  formed  by 
water  and  deposited  by  the  same. 

That  the  slaggy  and  basaltic  mass  which  constitutes  the  eastern 
portion  of  the  Kammerberg  has  been  thrown  up  from  below  is  shown 
by  the  many  fragments  of  mica- slate  entangled  in  the  slag,  which  are 
not  at  all  rounded,  and  are  evidently  brought  up  from  below.  Many 
of  these  fragments  in  colour  and  form  are  quite  unchanged,  although 
enveloped  in  slag  which  has  undergone  fusion ;— others  are  brittle, 
and  apparently  roasted  by  the  heat.  The  quartz  is  least  altered,  and 
is  only  reddened  superficially.  Lastly,  large  fragments  of  mica-slate, 
some  of  which  might  be  mistaken  for  rolled  and  transported  blocks, 
and  others  having  a  glassy  coating,  are  met  with  amongst  the  heaps. 

The  subject  of  hot  springs  will  be  considered  afterwards^ 
but  I  cannot  refrain  from  reminding  my  readers  that  those  of 
Carlsbad  are  situated  in  the  immediate  vicinity  of  Egra^  and 
therefore  within  the  influence  of  the  volcanic  focus  which 
manifests  itself  in  the  Kammerberg. 

From  Egra  to  Toeplitz,  and  from  thence  to  the  Riesenge- 
birge  in  Silesia,  a  chain  of  basaltic  and  clinkstone  hills  appears 
to  extend  in  a  direction  nearly  parallel  to  that  of  the  primary 
range  of  the  Saxon  Erzgebirge. 

Near  Toeplitz  in  Bohemia,  celebrated  for  its  thermal  waters, 
basalt  and  clinkstone,  as  in  the  vicinity  of  the  lake  of  Con- 
stance, occur  united,  clinkstone  forming  the  lofty  conical  hill 
of  Bilin,  in  which  fragments  of  gneiss  occur  surrounded  by 
the  volcanic  matter.  Beds  of  tuff  alternating  with  tertiary 
limestone  appear  in  the  neighbourhood. 

I  examined  this  spot  in  1820,  but  in  too  superficial  a  man- 
ner to  speak  confidently  with  respect  to  the  age  and  character 
of  the  rocks ;  I  believe  however  that  they  will  be  found  to  be- 
long to  the  class  of  tertiary  volcanos. 

Dr.  Bou^  states  in  his  memoir  on  Germany*  that  scoriae 
occur  at  Frietland  in  the  Mittelgebirge,  as  likewise  in  the 
circle  of  Pilsen,  at  Wolfsberg,  and  at  Salesel,  where  they  con- 
tain leucitet* 

*  Journal  de  Phys.  for  1822. 

t  Bout's  Geogn.  Gemalde  von  Deutschland. 
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A  aimilar  acrica  of  basaltic  cones  occurs  likewise  on  the 
Saxon  side  ol'  the  Erzgebii-ge,  from  the  iieighlx)urhood  of 
Schwartzenbui-g  on  the  south-west,  to  the  hill  of  Stolpen 
beyond  Pirna  on  the  north-east*. 

Under  various  shapes,  as  in  pintfonns,  cones  and  domes, 
basalt  forms  the  summits  of  about  twenty  mountains,  some 
of  which  are  isolated,  others  connected  below  with  the  neigh- 
bouring mountains,  the  basaltic  en])  alone  remaining  separate. 
It  constitutes  the  highest  points  in  the  country,  and  princi- 
pally occurs  near  the  ridge  of  the  primitive  chain.  Not  bciu|$ 
aware  of  the  occurrence  of  acoriform  matter  in  any  of  these 
localities,  nor  of  tlieir  being  incumbent  on  very  recent  de- 
posits, I  should  have  omitted  all  mention  of  tbem  as  uncon- 
nected with  the  immediate  subject  of  this  treatise,  had  I  not 
been  desirous  of  rendering  as  complete  as  poBsible  my  enume- 
ration of  the  basaltic  formations  of  Germany, 

The  localities  mentioned  by  Dnubuisson  are,  I.  the  mounttuit 
called  Scbiebenburff,  1000  to  1 300  feet  in  height,  eelebniled  for  thnt 
appiirent  poasuge  of  wacke  into  clay  on  the  one  side,  and  into  basalt 
□D  the  other,  which  was  long  appealed  to  iu  proof  of  the  aqueous 
otigin  of  the  Utter  rook ;  3-  the  Pcehlburg,  nonr  Aanaberg,  consist- 
ing of  columiiHr  basalt  resting  on  gneiss ;  3,  tlie  Bcercnstein,  six 
miles  to  the  Boulh  of  Aiinaberg ;  4 .  the  S(>il7,l)erg.  a  peak  conEiitiug 
of  mica-slate  capped  with  basalt,  4001)  feet  above  the  level  of  the 
sea;  5.  Heidelburg,  near  Seiffeu;  6.  Lichtewalde,  on  the  frontier  of 
Saxony  and  Bohemia,  3000  feet  high;  7.  the  Steiiikopf.  consisting 
of  gneiss,  capped  by  syenite -porphyry,  covered  by  a  small  platform 
of  basalt:  8.  Geisaengensberg,  near  Annaberg ;  9.  Luehauerberg. 
■outh-west  of  Dippolewalde  ;  10.  Cottauer- spitz c,  a  cone  of  basalt 
resting  on  sandstone ;  1 1,  Heulenberg ;  12.  Winterbui^,  near  Schan- 
dau;  and.on  the  eastern  side  of  the  Elbe,  13.  the  remarkable  colnmnar 
basalt  of  the  Stolpen,  which  ia  incumbent  on  granite. 

Besides  these  there  occur*  between  Dresden  and  Freybur^  a  ba- 
•altic  eminence,  called  the  Landberg,  where  the  fundamental  rock  is 
gneiss  covered  with  clay- slate. 

In  all  these  cases  it  may  be  remarked  that  the  basalt  exists  as  an 
overlying  mass,  and  never  alternates  with  the  other  rocks  of  the 
country,  so  that  Werner  was  fully  borne  out  in  hi»  position  as  to  its 
constituting  a  distinct  class  of  rock  fonnntions ;  he  seems  also  to 
have  been  van-anted,  in  the  then  existing  state  of  knowledge,  in 
■  See  DaubuitwQ  od  Basalt. 
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ftsterting  that  there  wua  nothing  in  the  characters  of  the  substance 
itself,  or  in  the  minerals  associated  with  it,  as  found  in  Saxony, 
which  stamps  it  as  the  product  of  ^re ;  and  he  might  be  excused, 
considering  the  vague  descriptions  of  geological  phaenomena  given 
bjr  travellers  at  the  time  he  commenced  his  career,  in  framing  a 
system  without  reference  to  their  statements ;  but  he  cannot  be  so 
well  exculpated  for  his  obstinacy  in  adhering  to  the  same  erroneous 
conclusions  in  spite  of  the  evidence  afterwards  brought  together  in 
contradiction  to  them,  and  that  even  by  some  of  the  most  eminent 
of  his  own  disciples,  such  as  Humboldt  and  Von  Buch,  who  seem  to 
have  deviated  more  and  more  widely  from  the  creed  of  their  master 
in  proportion  as  their  acquaintance  with  volcanic  phenomena  became 
more  extended. 

If  we  follow  into  Lusatia  the  chain  of  the  mountains  of 
Saxony,  we  find  that  many  of  the  eminences  are  capped  with 
basalt,  presenting  there  the  same  characters  and  relations  as 
it  does  in  Saxony*.  The  only  difference  to  be  observed  is, 
that  in  the  latter  coimtry  the  basaltic  hills  are  situated  near 
the  summit  of  the  mountain  ridge,  whereas  in  Lusatia  they 
are  placed  nearer  to  its  foot.  One  of  the  most  considerable 
indeed,  the  Lanscrone,  near  Goerlitz,  a  conical  hill  near  1000 
feet  in  height,  stands  entirely  isolated  in  the  plain,  and  at  a 
distance  of  about  six  miles  from  the  mountain-chain. 

In  the  Riesengebirge  of  Silesia,  which  may  be  considered 
a  sort  of  prolongation  of  the  Saxon  chain,  the  hill,  called  the 
Kleine  Schneegrebe,  is  on  its  north-west  side  composed  of 
basalt,  which  appears  to  have  been  protruded  through  the 
midst  of  the  granite  forming  the  remainder  of  the  hillf.  In 
one  part  huge  fragments  of  this  rock  are  entangled  in,  and 
cemented  into  a  compact  mass  by,  a  basaltic  paste,  the  whole 
forming  a  singular  species  of  conglomerate.  The  basalt  is 
amygdaloidal,  and  contains  zeoUte  and  mesotype.  It  attains 
to  the  height  of  4661  feet  above  the  sea. 

Yon  Buch,  in  his  description  of  the  environs  of  Landeck  in 

*  See  Daubuisson  on  Basalt,  EDglish  translation,  p.  73. 

t  Singer  in  Leonhard's  Taschenbuch,  1823 ;  and  for  the  Wernerian  view 
of  its  formation,  Daubuisson  on  Basalt,  p.  235,  English  translation.  Pro- 
fessor Jameson  is  there  said  to  regard  it  as  an  "  upfilling,"  that  is,  he  con- 
siders its  position  as  dependent  upon  the  irregularity  of  the  granitic  surface 
In  that  part. 
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the  county  of  Glatz*,  has  noticed  four  basaltic  hills  super- 
imposed on  primitive  rocks,  the  moet  considerable  of  wbicb 
is  the  mountaiii  of  Debcrschaar. 

It  also  appears  from  the  late  work  of  CEynhausen  on  the 
Geology  of  Upper  Silesta,  that  a  numerous  series  of  isolated 
basaltic  cones  extends  from  the  Oder  at  Fachenburg  to  Trop- 
pau,  and  from  thence  to  Preudenthai  in  Moravia  t- 

A  few  miles  south  of  the  latter  place,  but  north  of  Olmutz, 
is  the  little  town  of  Hof,  near  which,  in  the  chain  of  hills  called 
Gcsenke,  occura  a  volcanic  mass  which  exhibits  indications  of 
a  more  recent  origin. 

The  following  account  of  it  is  extracted  from  a  German 
periodical  work  called  the  '  Hesperus'  for  January  1821. 

The  hill  called  the  liaudenberg,  which  ie  situated  to  the 
south-east  of  the  village  of  that  name,  is  2250  feet  above  the 
sea,  and  composed,  together  with  basalt,  of  reddish,  greyish, 

*  Min.  Description  of  the  environs  of  Landeck  hy  Von  Buch,  trunUted 
bf  Dr.  Anderson.     Edinburgh,  ItJlO. 

f  The  following  are  a  few  of  the  details  given  by  the  anthor  quoted  in 
theteit 

Betweeu  Micbelau  and  Faikenburg  boBelt  crops  out  of  alluvial  boIT. 

Between  Trtippelwit^  onti  Jagerndorf  are  the  basaltic  cones  of  SchSn- 
welse ;  near  Troppou  those  of  Stremplowitt  and  Ottendorfi  both  amongst 
transition  slate  and  greywacke, 

The  basalt  of  Koblenberg  lies  amoagat  primitiia  slate, 
..  Baaalt  also  occurs  between  TillowiU  and  Schiedlow,  south  of  Falkeaberg, 
and  near  Raklo. 

Basalt  blocks  are  found  near  Lipten. 

At  Annaberg  is  a  basaltic  cone  1300  or  1400  feet  bigh,  the  loftieatemi- 
nence  in  the  district. 

A  basaltic  bill  called  the  Mnlwitiberg  eitead*  between  the  tovna  of 
Michelau  and  Falkenbergj  the  hasalt  is  priainatic.  contains  little  olivine 
but  mucb  steatite.  On  tbe  sides  are  blocks  of  a  quattiy  sanditone, 
perhaps  tertiary. 

Near  Schiinweise,  not  far  from  Jagerndorf,  are  two  cones  of  bualti 
Burrounded  by  slatc-clay,  passing  into  transition  conglomerate. 

Soutb  of  Troppau,  at  Ottendorf,  basalt  is  met  with  in  a  traoaitioQ  country. 

North-west  of  ditto,  at  Stremplowitz,  are  cones  of  basalt  partly  porous. 

Between  Bennesch  and  Aaudenberg,  is  basaltic  tufa  containing  augile, 
constituting  a  building- stone  much  like  the  lava  of  Andernacb. 

At  Koblerberg,  south  of  Freudeuthal,  occurs  a  basaltic  amygdaloid,  con- 
taining quarti,  calcareous  spar,  chalcedony  and  chlorite.  It  resembles  the 
basalt  of  the  Buchberg  near  Londshut,  and  ia  tbe  neareat  point  to  the 
primary  range  at  which  basalt  is  found. 
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or  blackish  scoriae,  which  look  as  fresh  as  those  of  the  Pi\y 
de  la  Nugire,  or  of  Vesuvius. 

These  products  inclose  fragments  of  granitic  rocks,  and  of 
mica  or  clay-sIate,  which  are  much  altered,  and  seem  to  pass 
into  the  scoriform  mass  enveloping  them.  To  the  south-east 
of  this  hill,  near  Heydenpiltsch,  are  two  hillocks  of  compact 
basalt;  more  to  the  south,  near  Brochersdorf,  is  a  basaltic 
hill  called  the  Saunikal ;  and  on  the  right  of  the  Mora  river, 
near  Friedland,  are  two  others.  To  the  north-east  are  two 
funnel-shaped  cavities,  of  which  the  largest  is  seventy-five  feet 
in  breadth  and  eighteen  in  depth. 

These  basalts  rise  from  the  midst  of  mica-slate>  are  com- 
pact and  sometimes  columnar,  and  contain  olivine. 

Lastly,  on  the  western  border  of  Moravia,  near  the  frontier 
of  Hungary,  is  a  small  igneous  formation  near  Banow,  de- 
scribed by  Dr.  Bou^  in  the  geological  memoir  on  Germany 
above  noticed. 

He  represents  it  as  a  cone  of  grey  clinkstone,  containing 
crystals  of  hornblende,  and  having  the  few  pores  distributed 
through  its  substance  elongated  in  a  vertical  direction.  On 
its  western  side  it  incloses  portions  of  hardened  clay  and 
sandstone  of  various  colours,  and  on  its  eastern  side  it  has 
thrown  up  and  cracked  in  various  directions  a  very  large 
mass  of  the  same  kinds  of  rock,  which  have  also  become  in- 
durated where  in  contact  with  it. 

Thus  it  would  appear,  that  on  either  side  of  the  great  pri- 
mary chain  which  passes  through  the  centre  of  Germany, 
the  several  parts  of  which  are  known  under  the  names  of  the 
Thuringerwald,  the  Fichtelgebirge,  the  Erzgebirge,  the  Rie- 
sen^birge,  &c.,  there  occurs  a  line  of  basaltic  cones,  which, 
though  detached  one  from  the  other,  are  so  placed  as  to  in- 
dicate a  certain  mutual  connexion.  This  notion  respecting 
them  is  confirmed  by  observing  that  similar  formations  occur 
chiefly  at  a  certain  distance  from  these  primary  ranges,  for 
Von  Hoff  has  remarked*,  that  if  one  line  be  drawn  from 
Upper  Lusatia  to  Kulmbach  in  the  country  of  Bayreuth,  and 
another  from  the  same  point  in  a  north-westerly  direction,  so 
as  to  pass  through  the  towns  of  Eisenach  and  Munden,  no 
*  See  De  la  Beche's  Geological  Memoirs,  p.  100. 
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basaltic  rock  is  to  be  met  with  north  of  that  line,  notwith- 
Btanding  the  abundant  occurrence  of  it  to  the  south. 

The  same  author  ha3  further  shon'n  in  aiiotlier  of  his  pub- 
lications* that  the  Bhocks  of  earthquakes  are  most  common, 
in  the  same  direction  as  that  of  the  basaltic  maasea  themselves, 
and  round  a  certain  distance  on  either  side  of  the  line  in  which 
they  occnr. 

The  importance  of  tliese  observations  will  b^  more  clearly 
perceived,  wheh  it  has  been  shown  that  rocks  indisputably 
volcanic  are  placed  in  the  same  linear  direction,  as  it  will  add 
one  to  the  series  of  proofs  by  which  the  origin  of  trap  rocks 
is  connected  Mith  that  of  modem  lavas. 

*  Gcschichte  dcr  VerandcrungeD  der  Erdoherflsche.  vol.  ii.,  bd  eicellent 
work,  which  has  led  me  to  refer  tu  Bcventl  writinga,  in  the  Gennan  lungnagc 
espi'ciulty,  (hut  might  otherwise  have  escaped  my  notice. 
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CHAPTER  V, 

VOLCANIC  ROCKS  OF  HUNGARY. 

Volcanic  rocks  of  Hungary. — General  description  of  the  country.— Five  va- 
rieties of  the  Trachytic  formation  found  in  it — 1.  Trachyte,  properly  so 
called — 2.  Trachytic  Porphyry — 3.  Pearlstone— 4.  Millstone  Trachyte — 
5.  Pomiceous  Conglomerate — re-united — rendered  aluminous. — ^Theory 
of  the  formation  of  Alum. — Other  minerals  found  in  the  Trachyte.--* 
Synopsis  of  the  Genus  Trachyte. — ^Analogous  formations  in  other  coun- 
tries and  in  Hungary  itself,  such  as  Felspar  Porphyry. — Basaltic  rocks 
in  Hungary. 

One  of  the  most  remarkable  countries  in  Europe  for  the  scale 
in  which  volcanic  operations  have  taken  place^  the  more  so 
indeed  because  it  lies  at  a  great  distance  from  the  sea,  and 
therefore,  as  we  shall  find,  in  a  position  the  most  opposite  to 
that  which  recent  volcanos  usually  affect,  is  Hungary,  which 
consists  of  two  vast  plains,  the  one  about  forty  leagues  in 
length  and  twenty-five  in  breadth,  including  that  part  of 
Western  Hungary  which  is  bounded  by  the  Austrian  moun- 
tains on  the  west,  the  Carpathians  on  the  north,  and  the 
Bakony  on  the  south-east;  the  other  about  120  leagues  long 
and  eighty  broad,  forming  Lower  Hungary,  and  bounded  by 
the  Danube  and  by  the  immense  marshes  which  lie  on  the 
east  of  the  Theiss  at  the  foot  of  the  mountains  of  Transylvania. 
The  alluvial  character  of  both  these  plains,  and  their  low  level, 
which  does  not  exceed  140  or  170  feet  above  that  of  the  ocean, 
render  it  easy  to  imagine  that  they  have  both  at  a  former 
period  been  occupied  by  water,  forming  two  extensive  inland 
seas  or  lakes,  of  which  that  of  Balaton,  Neusiedel  and  others 
are  the  remains. 

The  mountain-chain  which  bounds  the  most  northern  of 
these  plains,  and  separates  Hungary  from  Gallicia,  is  com- 
posed in  a  great  degree  of  primary  mountains,  rising  in  some 
places  to  the  height  of  more  than  7000  feet.  They  consist  of 
granite,  gneiss,  mica-slate,  clay-slate  and  felspathic  porphyry, 
with  which  are  associated  certain  hornblende  rocks  regarded 
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as  the  Diabase  of  Brongniart,  and  in  one  place  near  Dobachau, 
serpentine  [gabbro). 

It  is  on  the  southern  flank  of  this  chain  that  the  volcanic 
operations  have  principally  taken  place^  of  which  such  remark- 
able vestiges  remain^  although  similar  phasnomena  appear  to 
have  occurred  also  near  some  of  the  other  chains  <^  moun- 
tains by  which  the  level  portion  of  this  country  is  bounded. 
Now  as  the  principal  volcanic  product  in  all  the  above  loca- 
lities is  of  a  trachytic  character,  there  is  no  other  country 
in  Europe  where  the  natural  history  of  that  peculiar  mineral 
compound  can  be  so  well  studied,  since  from  the  extended 
scale  on  which  the  rocks  classified  under  this  head  are  heore 
developed  in  consequence  of  the  large  extent  of  ground  which 
they  cover,  we  are  enabled  to  follow  them  through  all  their 
modifications  with  a  minuteness  not  practicable  either  in 
Auverg^e  or  in  Germany,  its  two  other  principal  European 
localities. 

With  a  view  to  acquamt  myself  more  fully  with  the  nature 
and  relations  of  trachyte,  I  visited  Hungary  myself  in  the  year 
1823 ;  but  as  my  examination  was  necessarily  limited  and  su- 
perficial, I  shall  avail  myself  in  a  much  greater  degree  of  the 
elaborate  work  of  M.  Beudant,  in  the  account  I  propose  to 
offer  of  the  principal  varieties  which  the  trachytic  formation 
of  Hungary  is  found  to  present. 

Beudant  enumerates  five  distinct  groups  of  mountains  con- 
sisting wholly  of  trachyte,  the  characters  of  which  are  in  aU 
nearly  the  same,  although  particular  parts  of  the  formation 
may  be  more  developed  in  one  than  in  the  rest. 

The  first  of  these  groups,  situated  in  the  north-western  part 
of  Hungary,  namely  in  the  district  of  Schemnitz  and  Ejrem- 
nitz,  occupies  an  elliptical  space  of  about  twenty  leagues  in 
its  greater  diameter,  and  fifteen  in  its  smaller. 

The  second,  a  smaller  group,  south  of  the  preceding  one, 
forms  the  mountains  of  Dregeley  near  Gran  on  the  Danube. 

The  third  is  the  mountain  group  known  by  the  name  of 
Matra,  situated  in  the  heart  of  Hungary,  east  of  the  former. 

The  fourth  is  a  chain  which  commences  at  Tokai  and  ex- 
tends north  to  the  heights  of  Eperies,  in  length  twenty-five  or 
thirty  leagues,  and  in  breadth  about  five  or  six. 
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V  The  fifths  that  of  Yihorlet,  east  of  the  foregoing  groups 
which  is  connected  with  the  trachytic  mountains  of  Marmo-> 
roach  on  the  borders  of  Transylvania* 

Not  only  do  these  several  groups  appear  unconnected  with 
each  other^  but  it  is  Beudant's  opinion  that  almost  each  par- 
ticular mountain  has  been  separately  formed,  for  their  escarp- 
ments rarely  correspond^  as  is  the  case  commonly  with  those 
belonging  to  plateaux  composed  of  basalt^  so  that  it  is  impos- 
sible to  view  themj  like  the  latter^  as  the  detached  portions 
of  one  general  bed  cut  away  by  the  operation  of  subsequent 
causes* 

Now  in  the  formation  distinguished  by  Beudant  under  the 
generic  term  of  Trachyte^  that  geologist  has  noticed  five  kinds 
of  rock)  which)  although  possessing  a  common  origin^  present 
many  important  differences  one  with  the  other. 

These  five  varieties  he  has  designated  under  the  names  of 
Trachyte  properly  so  called,  Trachytic  Porphyry,  Pearlstone^ 
Millstone  Porphyry,  and  Trachytic  Conglomerate. 

For  the  general  characters  of  these  I  may  refer  the  reader 
to  my  second  Chapter,  but  it  may  be  useful  to  subjoin  in  this 
place  a  more  particular  account  of  each  as  exhibited  in  the 
oountry  we  are  now  describing. 

Trachyte,  properly  so  called,  is  characterized  by  its  por- 
phyritic  structure,  by  the  scorified  and  cellular  aspect  which 
it  has  such  a  tendency  to  assume,  by  its  harsh  feel,  and  by 
the  presence  of  crystals  of  glassy  felspar,  generally  cracked, 
and  sometimes  passing  into  pumice.  Besides  these,  which 
may  be  regarded  as  essential  to  its  composition,  crystals  of 
mica  and  hornblende  are  often  present,  and  all  these  minerals 
are  united  either  confusedly  without  any  apparent  cement^  or 
by  the  intervention  of  a  paste  of  a  felspathic  nature,  sometimes 
compact  and  sometimes  cellular*  This  paste  is  generally  light- 
coloured,  though  different  shades  of  red  and  brown  are  some^ 
times  communicated  to  it  by  the  presence  of  iron ;  and  there 
is  one  variety  in  which  the  paste  is  perfectly  black  and  semi- 
vitreous,  being  intermediate  in  its  characters  between  pitch^ 
stone  and  basalt,  but  distinguished  from  either  rock  by  melt- 
ing into  a  white  enamel*  Augite  is  sometimes  present,  and 
grains  of  titaniferous  iron  are  often  discoverable,  but  oUvine 
rarelyi  if  ever,  oooursj  and  therefore  appears  to  be  the  only 
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mineral  which  has  any  claim  to  be  considered  as  peculiar  to 
basalt. 

The  second  species,  called  by  Beudant  Trachy  tic  Porphyry, 
is  distinguished  from  the  preceding  by  the  general  absence  of 
scorified  substances.  Neither  hornblende,  augite,  nor  titani- 
ferous  iron  enters  into  its  composition,  but  quartz  and  chalce- 
dony, which  are  wanting  in  the  fonner,  are  commonly  present 
in  this  species.  In  its  general  aspect  it  bears  a  much  nearer 
resemblance  to  the  older  formations  than  trachyte  properly  so 
called. 

This  description  however  applies  only  to  the  characters  of 
the  larger  portion  of  the  mass,  for  M.  Beudant  is  compelled, 
in  order  to  include  all  the  varieties,  to  establish  two  sub- 
species, the  one  tcnM,  the  other  without  quartz,  and  in  both 
of  these  he  notices  a  variety  possessing  a  vesicular  structure. 
The  subspecies  indeed,  which  is  without  quartz,  even  passes 
into  pumice.  Many  varieties  of  trachytic  porphyry  contain 
a  number  of  very  small  globules,  which  seem  to  consist  of 
melted  felspar,  having  often  in  their  centre  a  little  crystal 
either  of  quartz  or  of  mica.  The  assemblage  of  these  glo- 
bules, leaving  minute  cells  between  them,  sometimes  gives  to 
the  rock  a  scoriform  aspect.  The  chalcedony  often  occurs  in 
small  geodes,  and  sometimes  intimately  mixed  with  the  paste 
in  which  the  crystals  are  imbedded. 

Trachytic  porphyry  also  appears  to  pass  by  imperceptible 
gradations  into  the  next  species,  Pearlstone,  which  is  charac- 
terized by  the  vitreous  aspect  generally  belonging  to  its 
component  parts.  It  is  evident  that  this  definition  includes 
pitchstone  and  obsidian,  but  these  are  of  rare  occurrence  in 
Hungary,  the  great  mass  of  this  formation  being  composed 
of  the  mineral  called  pearlston^,  some  varieties  of  which  pass 
into  pumice. 

In  its  simplest  form  this  rock  presents  an  assemblage  of 
globules,  varying  from  the  size  of  a  nut  to  that  of  a  grain  of 
sand,  which  have  usually  a  pearly  lustre  and  scaly  aspect,  and 
are  set,  as  it  were,  one  upon  the  other,  without  any  substance 
intervening. 

From  this,  the  most  characteristic  variety,  the  rock  passes 
through  a  number  of  gmdations,  in  which  its  peculiarities 
are  more  or  less  distinctly  marked.  In  some  varieties  the 
globules  are  destitute  of  lustre,  and  exhibit  at  the  same  time 
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sundry  alterations  in  their  size,  structure  and  mode  of  aggre- 
gation, till  at  length  they  entirely  disappear,  and  the  whole 
mass  puts  on  a  stony  appearance  which  retains  none  of  the 
characters  of  pearlstone.  On  the  other  hand,  the  globules, 
becoming  less  distinct,  either  resolve  themselves  into  a  paste 
resembling  enamel,  very  fragile,  in  which  separate  portions 
approaching  to  a  spherical  form  are  indistinctly  visible,  or 
into  a  more  vitreous  and  more  homogeneous  mass,  which  is 
generally  black,  and  presents  all  the  characters  of  pitchstone 
or  obsidian.  Among  these  latter  varieties  is  one  which  re- 
sembles the  marekanite  of  Kamtschatka. 

Sometimes  there  occur  in  the  rock  felspathic  globules, 
which  are  either  compact  or  else  striated  from  the  centre  to 
the  circumference,  and  are  sometimes  so  numerous  that  the 
whole  mass  is  composed  of  them.  Various  alternations  occur 
between  the  glassy  and  stony  varieties  of  the  pearlstone,  some- 
times indeed  so  frequent  as  to  give  a  veined  or  ribboned  ap- 
pearance to  the  rock,  and  at  other  times  curiously  contorted, 
as  though  they  had  been  disturbed  in  the  act  of  cooling. 

Lastly,  all  these  varieties  occasionally  present  a  cellular^ 
porous,  spongy  and  fibrous  aspect,  and  pass  into  pumice* 
With  respect  to  their  chemical  characters,  it  may  be  sufficient 
to  remark  that  the  vitreous  varieties  of  pearlstone  usually 
effervesce  under  the  blowpipe,  but  the  stony  do  not.  These 
rocks  oflen  contain  geodes  of  chalcedony  and  opal,  the  former 
existing  in  the  more  vitreous,  the  latter  in  the  more  stony  or 
felspathic  portions.  The  opal  is  commonly  opake,  but  is  oc- 
casionally met  with  more  or  less  translucid. 

The  fourth  species  is  distinguished  for  its  hardness  and 
cellularity,  qualities  which  have  caused  it  to  be  employed 
all  over  Hungary  for  the  purpose  of  millstones,  from  which 
circumstance  the  name  of  Millstone  Trachyte  has  been  ap- 
plied to  it  by  Beudant. 

Unlike  the  other  rocks  comprised  under  this  same  generic 
term,  it  abounds  in  quartz,  or  in  silex  under  some  one  of  its 
modifications,  and  in  proportion  as  the  latter  earth  is  more 
or  less  abundant,  the  substance  puts  on  the  characters  either 
of  homstone  or  of  clay  porphyry.  The  paste  is  always  dull 
and  coarse-looking,  its  colours  vary  from  brick-red  to  greenish- 
yellow,  its  fracture  is  generally  earthy,  its  hardness  very  vari- 
able, but  usually  considerable.    It  contains  crystals  of  quartz. 
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of  fidqMur,  lamelhr  and  tometiinct  g^bMqr^  and  of  blidc  flbiett 
imbedded.  Jasper  and  homatone  alio  are  found  in  neetoi  or 
in  amall  contemporaneous  Tein%  very  abundantly  disaoni* 
nated^  and  silioeous  infiltFation%  posterior  to  the  formatioii 
of  the  rode,  seem  likewise  to  occur  among  the  cells  which  are 
everywhere  distributed  through  it. 

In  examining  theae  rodcs  with  a  glassy  we  discover  a  mul- 
titude of  little  ^bules  analogous  to  those  in  the  pearlston^ 
which  seem  to  be  of  a  felspathic  nature,  and  when  broken  are 
found  to  contain  in  their  centre  a  little  crystal  of  quartiy  or  a 
speck  of  some  siliceous  materiaL 

These  globules  in  some  cases  compose  the  whole  substance 
of  the  paste,  whilst  in  others  they  are  held  together  by  a  sort 
of  hardened  day,  which  here  and  there  resembles  p(Hfcelain« 
jasper.  Notwithstanding  these  distinctions,  there  is  a  greater 
degree  of  uniformity  in  the  characters  of  this  than  in  those  of 
the  other  spedes  of  trachyte,  and  the  most  obvious  difierencea 
that  exist  between  the  several  parts  of  this  formation  relate 
to  the  siae  and  direction  of  the  cells,  which  are  sometimes  ao 
small  and  narrow  as  to  give  to  the  rock  a  fibroua  character, 
sometimes  of  considerable  size,  in  which  case  they  are  in 
general  coated  internally  with  crystals  of  quarts. 

The  fifth  and  last  species,  comprehended  by  Beudant  under 
the  generic  term  of  Trachyte,  consists  of  those  heaps  of  pu- 
mice and  other  loose  materials  that  occur  agglutinated  to- 
gether on  the  slopes  and  at  the  base  of  rocks  belonging  to  the 
four  preceding  classes.  Although  its  prevailing  constituent 
is  pumice,  every  variety  of  substance  found  in  the  neigh- 
bouring hills  is  met  with  amongst  the  fragments^  The  latter 
vary  extremdy  in  size,  as  well  as  in  the  mode  of  their  aggre- 
gation ;  the  cement  which  unites  them  being  often  of  a  por- 
phyritic  character,  hardly  distinguishable  from  the  fragments 
themselves.  Like  them  it  often  contains  crystals  of  felspar, 
mica  and  hornblende,  and  sometimes  grains  of  titaniferous 
iron  are  diffused  through  it,  or  it  is  coloured  red  by  the  per- 
oxide of  that  metal. 

The  firagments  of  pumice  are  united  together  either  imme- 
diately or  by  the  intervention  of  a  paste  of  a  vitreous  character 
resembling  obsidian,  into  which  the  pumice  passes  insensibly. 
Here  and  there  the  rock  itself  has  become  decomposed,  and 
its  destruction  has  given  rise  either  to  beds  of  a  cellular  nature 
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aiising  from  minute  portions  of  pumice^  which  still  preserve 
their  fibrous  texture^  or  (where  all  traces  of  this  have  been 
obliterated)  to  masses  of  an  earthy  character,  similar  to  the 
tarass  of  the  Rhine  volcanos,  or  the  "/rtpoW  of  those  in 
Anvergne.  It  is  important  to  observe,  as  fixing  the  date  of 
these  conglomerates,  that  the  latter  variety  contains,  between 
Pdoita  and  Prebeli  near  Schemnitz,  marine  shells.  These, 
according  to  Beudant,  are  of  the  same  kind  as  those  found  in 
the  Calcaire  Grossier  near  Paris,  and  the  bed  is  covered  here 
and  elsewhere  by  others  which  he  refers  to  the  plastic  clay 
formation. 

Bou^  however  has  submitted  the  shells  which  he  collected 
in  that  locality  to  M.  Deshayes,  and  on  the  authority  of  the 
latter  they  are  now  placed  amongst  the  Miocene  series. 

The  changes  that  have  taken  place  in  the  constitution  of  this 
conglomerate  seem  in  some  cases  to  have  proceeded  a  step 
farther,  the  earthy  beds  just  noticed  as  resulting  from  the  re- 
union of  the  finely  divided  portions  of  the  pumice,  being 
rendered  compact  by  the  subsequent  infiltration  of  siliceous 
matter;  in  this  state  stems  of  vegetables  of  a  cylindrical  form, 
often  hollow,  are  found  in  it  in  a  silicified  state,  forming  those 
fine  specimens  of  wood-opal  so  common  in  this  district,  whilst 
crystals  of  felspar,  mica,  quartz,  and  garnet  are  distributed 
tlnrough  the  substance  of  the  mass.  These  latter  varieties 
often  bear  a  considerable  resemblance  to  the  millstone  tra* 
chyte. 

The  last  stage  of  alteration  is  seen  in  the  production  of  a 
salt  composed  of  sulphuric  acid,  alumina,  and  potass,  with 
excess  of  base,  difiused  through  the  substance  of  the  earthy 
beds  before  mentioned.  According  to  Beudant,  this  substance 
differs  firom  alum  in  its  crystallization,  having,  so  far  as  the  * 
minuteness  of  the  crystals  enabled  him  to  judge,  a  rhombo- 
hedral  form,  and  is  therefore  distinguished  by  the  name  of 
alumstone*. 

*  There  are  three  mioerals  often  confounded,  namely  :— 


Alum. 

Alumina 10*8 

Snlph.  acid 33*7 

Water 464 

P6ta8s 10*1 


Alunutone, 

Alumina 31*8 

Sulph.  acid 27*0 

Water 3*7 

Potaas 5-8 


AlumMte. 

Alumina 29*8 

Sulph.  acid 23*3 

Water 46*7 
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It  &p])cara  likewise  from  his  account,  thnt  tliia  salt  exisU  ready- 
formed  in  the  ruck  from  whence  the  alum  is  extracted,  and  from 
thence  he  infers,  though  as  I  coiKxivc  somewhat  precipitately,  that 
the  sulphuric  acid  which  enters  into  its  composition  has  not  been 
derived,  as  ia  commonly  imagined,  from  the  decomposition  of  the 
Bulphuret  of  iron  that  was  originally  present.  He  therefore  imagines, 
that  at  some  former  period  the  rock  itself  constituted  a  sort  of  sub- 
marine  solfatara,  and  that  owing  to  a  continuance  of  the  volcanic 
action  subsequently  to  the  formation  of  this  deiiosit,  the  mass  became 
penetrated  with  sulphurous  acid,  which,  combining  with  the  alumina. 
wiiB  in  process  of  time  converted  into  the  jiarticulur  mineral  called 
alumstonc. 

Thus  the  process  in  this  case  will  be  analogous  to  that  which  is 
taking  place  at  the  Solfatara  near  Naples,  and  in  the  craters  of  other 
half-extinguished  volcanos,  and  the  same  remark  will  apjily  to  the 
formatioQ  of  alum  at  Tolfa  in  the  Roman  States,  and  in  other  well- 
known  localities. 

I  have  several  objections  to  make  to  this  mode  of  explanation.  In 
the  first  place  it  is  by  no  means  universnlly  true,  that  the  subsulphatc 
of  alumina  exists  ready-formed  in  the  alum-rock  of  Hungary,  for  in 
some  cases  it  ia  only  obtained  after  the  mass  has  become  thoroughly 
decomposed.  'I'hougb  I  did  not  visit  the  breccia  near  Matra  ur 
Tokai,  to  which  Beudant  principally  refers  in  his  description,  I 
examined  with  some  attention  the  works  near  Vissegrad,  between 
Buda  and  Schemnitz,  carried  on  by  a  physician  named  Marton,  who 
bad  the  kindness  to  explain  to  me  the  details  of  his  process. 

In  this  instance  the  stone  which  fumisbee  the  alum  is  not  a  tuff 
or  conglomerate,  but  a  trachytic  rock  containing  much  pyrites.  The 
object  therefore  of  the  manufacturer  is  to  accelerate  the  decom- 
position of  the  latter,  and  thereby  to  furnish  the  acid  which  entere 
into  the  constitution  of  the  alum.  This  is  effected  by  exposing  the 
Btone  to  air  and  moisture  for  a  given  time,  first  in  the  open  air,  and 
afterwards  in  a  sort  of  bam,  the  roof  of  which  can  be  raised  or 
lowered  at  pleasure,  so  as  to  exclude  the  rain,  and  to  admit  air  and 
Ught.  The  latter  agent  Dr.  Marton  considers  essential  to  the  suc- 
cess of  his  process. 

The  earth  is  suffered  to  remain  a  sufficient  time,  to  effect  the  de- 
composition of  the  sulphuret  of  iron,  the  union  of  the  acid  which 
results  with  the  alumina  present,  and  the  complete  peroxidation  of 
the  iron,  which  is  thus  rendered  insoluble,  and  no  longer  affects  the 
purity  of  the  product.  Five  years  generally  elapse  before  the  whole 
ia  in  a  state  of  readiness  for  lixiviation ;  it  is  then  reduced  to  a  red 
ochrey  powder,  having  on  its  sur^e  au  efflorescence  of  silky  crystals. 
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which  probably  consist  of  sulphate  of  alumina  combined  with  proto- 
sulphate  of  iron.  However  this  may  be,  it  ia  at  least  certain,  that  the 
alkali  originally  present  in  the  stone  is  far  from  Bufficient  to  convert 
the  whole  into  crystallizable  alum.  Having  therefore  separated  the 
saUne  matter  by  lixiviation»  Dr.  Marton  finds  it  necessary  to  add 
about  five  per  cent,  of  subcarbonate  of  potass,  after  which  the  solution 
being  boiled  to  a  state  of  sufficient  concentration,  is  set  aside  to 
crystallize. 

This  statement  may  be  sufficient  to  show,  that  Beudant's  position 
as  to  the  alum  existing  ready- formed  in  the  rock,  does  not  hold  good 
universally;  but  even  where  this  is  the  case,  it  by  no  means  follows, 
that  the  salt  may  not  have  originally  proceeded  from  the  decomposi- 
tion of  the  sulphuret  of  iron.  Let  us  recollect,  that  the  alum-rock 
of  Matra  is  a  bed,  resulting  in  part  at  least  from  the  detritus  of  the 
trachyte  which  we  have  seen  to  be  so  fully  charged  with  iron  pyrites, 
and  so  capable  of  yielding  alum  in  consequence,  and  that  the  very 
cause  which  has  brought  its  materials  into  their  present  position, 
would  be  the  one  most  efficient  in  occasioning  the  decomposition  of 
a  metallic  sulphuret.  Even  if  it  were  impossible  to  account  for  the 
formation  of  the  alumstone  in  this  manner,  I  should  still  hesitate 
as  to  adopting  M.  Beudant's  explanation,  because  the  rock  is  not 
stated  to  possess  any  of  the  characters  belonging  to  the  substances 
found  near  a  modem  solfatara,  and  does  not  appear  to  be  impreg- 
nated either  with  sulphur,  or  with  the  other  minerals  produced,  when 
either  sulphuretted  hydrogen  or  sulphurous  acid  has  pervaded  a 
mineral  mass  for  the  period  which  must  be  necessarily  supposed. 

The  trachytic  formation  is  in  general  devoid  of  those  metallic 
veins  which  so  commonly  penetrate  the  older  porphyries  in 
Hungary,  but  at  Konigsburg  near  Schemnitz^  the  conglom&* 
rate  belonging  to  it  is  richly  impregnated  with  auriferous  sul- 
phuret of  silver,  which  pervades  the  mass,  and  is  separated  by 
simple  washing.  The  gold-mines  of  Telkebanya,  near  Tokai, 
appear  to  be  situated  in  the  same  description  of  rock,  so  that 
it  is  by  no  means  correct  to  say  that  the  absence  or  presence 
of  depdts  of  these  metals  serves  to  distinguish  the  newer  from 
the  older  porphyry,  although  it  may  perhaps  be  true,  that  it 
is  only  in  the  latter  that  true  veins  are  to  be  met  with. 

Amongst  the  siliceous  minerals  so  common  in  the  trachyte 
of  Hungary,  the  different  varieties  of  opal  have  principally 
attracted  attention.  They  are  met  with  for  the  most  part  in  the 
trachytic  conglomerate,  but  they  occur  also  in  the  pearlstone. 
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Hyalite  I  have  myself  seen,  in  more  than  one  instance^  coat- 
ing the  fissures  of  the  trachyte,  derived  perhaps  from  a  sub-^ 
limation  of  the  silica  by  the  volcanic  action,  or  fromi(t!|hemical 
solution  of  that  earth  by  steam  proceeding  from  the^same 
source.  The  same  remark  has  been  made  by  Yon  Buch  with 
respect  to  the  island  of  Laticerote. 

According  to  Beudant,  the  five  species  of  rock  included 
under  the  generic  name  of  Trachyte,  always  preserve  with  re- 
lation  to  each  other  the  same  determinate  order ;  that  properly 
called  trachyte  occupying  the  central  portion  of  the  group ; 
the  trachytic  conglomerate  surrounding  the  flanks  of  the 
mountains;  whilst  the  trachytic  porphyry,  the  pearlstones^ 
and  the  millstone  porphyry  lie  intermediate.  There  is  how-< 
ever  no  appearance  of  stratification,  or  of  any  pause  having 
taken  place  in  the  volcanic  operations,  so  that  we  cannot  sup- 
pose the  most  ancient  part  of  the  formation  to  have  been  pro-^ 
duced  at  a  different  epoch  from  the  most  modem,  and  are 
therefore  under  the  necessity  of  regarding  the  observations 
that  have  been  made  with  respect  to  the  rocks  which  cover 
the  trachytic  conglomerate,  as  determining  equally  the  date  of 
the  whole. 

With  regard  to  the  origin  of  this  trachytic  conglomerate,  it 
is  the  opinion  of  Beudant,  that  as  the  fragments  contained  in 
it  sometimes  appear  to  be  rolled,  a  part  of  its  materials  was 
derived  from  the  debris  of  the  surrounding  country ;  but  that, 
as  the  latter  supposition  cannot  be  applied  either  to  the  case 
of  the  pumice  which  constitutes  the  larger  proportion  of  this 
deposit,  or  to  that  of  the  angular  fragments  of  other  sub- 
stances which  also  occur  in  the  midst  of  it,  the  greater  part 
of  its  constituents  have  probably  been  ejected  immediately  by 
the  volcanic  action. 

The  following  is  a  synopsis  of  the  genus  Trachyte,  as  given 
by  Beudant,  which  should  be  compmred  with  the  classification 
of  the  same  rock  proposed  by  more  modern  writers. 

1st  Species,  Trachyte,  properly  so  called. 

1st  variety,  granitoid — no  apparent  cement,  numerous  crystals  of 
glassy  felspar  confusedly  united;  crystals  of  black  mica;  horn- 
blende rare. 
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9nd,  Ufith  mica  and  hamblende-^iheae  crystals  abundant  and  generally 

black ;  paste  of  compact  felspar^  pretty  pure,  and  fusible  into  a  white 

enamel ;  crystals  of  glassy  felspar. 
Zrd,  porphyritic — paste  of  compact  felspar,  fbstble  into  a  white  enamel  j 

crystals  of  felspar,  glassy,  lamellar,  and  compact ;  augite  more  or 

less  abundant ;  no  mica  or  hornblende. 
4th,  black — the  paste  black,  dull,  fusible  into  a  white  enamel,  with 

black  spots,  more  or  less  numerous,  disseminated ;  crystals  of  glassy 

felspar,  sometimes  of  augite. 
6th, /errMj^f»ot«— paste  ferruginous,  dull,  of  a  red  or  brownish  colour, 

blackening  when  heated ;  fusible  into  a  black  or  scoriform  enamel; 

crystals  of  glassy  felspar  {  numerous  crystals  of  black  mica. 
6th,  tarthif  or  domite — paste  earthy,  porous,  light-coloured ;  crystals 

of  glassy  felspar  rare ;  crystals  of  black  mica  abundant. 
7th,  mmi'VUrtoui  (PacHdQ'basalt  of  Humboldf)'-^  paste  semi- vitreous, 

black  or  brown ;  fracture  large-conchoidal*  losing  its  colour  in  the 

fire,  and  melting  into  a  white  enamel, 
8th,  ce//if^r-rpaate  of  various  descriptions  i  contains  numerous  cells 

more  or  less  imperfect,  either  round  or  elongated. 

2nd  Species,  Trachytic  Porphyry. 

1st  Subspecies,  voith  crystals  of  quartz — base  of  compact  felspar,  with 
or  without  lustre,  more  or  less  abundant,  containing  most  commonly 
a  great  number  of  small  semi-vitreous  globules ;  crystals  of  quartz 
more  or  less  numerous ;  crystals  of  glassy  felspar,  generally  well- 
defined  ;  black  mica,  in  small  hexagonal  plates,  more  or  less  nu- 
merous. 

1st  variety,  glistening — base  composed  of  compact  felspar  with  an 
enamelled  surface,  easily  fusible. 

2nd,  «emi-t7i/re<m«(vitro-lithoide) — almost  entirety  composed  of  semi- 
vitreous  globules,  amongst  which  are  disseminated  crj^stals  of  glassy 
felspar,  and  some  of  quartz. 

3rd,  8cor{form — paste  semi-vitreous  and  dull,  porous,  or  with  irregular 
and  imperfect  cells. 

4th,  cavernous — paste  scarcely  discernible ;  small  and  very  numerous 
cells ;  irregular  cavities  of  various  sizes ;  mass  inAisible. 

2nd  Subspecies,  without  quartz — base  of  compact  felspar  with  or  with- 
out lustre,  more  or  less  fusible  before  the  blowpipie ;  small  crystals 
more  or  less  numerous,  often  with  imperfect  teminatioiiff,  of  glassy 
or  earthy  felspar ;  black  mica  in  small  hexagonal  plates ;  no  crystaU 
of  quartz  or  semi-vitreous  globules. 

1st  variety,  glistening — base  of  compact  felspari  easily  fusible  uito  a 
white  enamel ;  small  crystals  of  felspar,  commonly  of  the  glassy 
kind. 

2nd,  duH^haae  of  compact  felspar,  dull,  difficultly  fusible  before  the 
blowpipe ;  smaU  crystals  of  felspar,  commonly  earthy,  sometimes 
very  rare. 


3rd,  Kltular  orpumiceoui — bue  almost  inruiible ;  full  of  cells)  cryitnU 
of  felspar  rare  &nd  indistinct, 

3ril  Species,  Fbarlstone. 

lit  variety,  tMfnceoiu,  mode  up  of  an  assembltigc  uf  vitreous  globules 
niore  or  less  distinct,  generally  seal;  iteslacfi)  and  with  a  pearly 
lustre  ;  mica  aud  felspar  very  rare. 

3nd,  Kphfralitii: — paste  of  pi^arlstooc  not  teslaceoua,  with  an  emunelled 
lustre  and  a  grc;  colour ;  numerous  crystals  of  very  brilllaol  black 
mica ;  glassy  felspar  in  small  erystab,  ordinarily  with  their  termina- 
tions Imperfect. 

3n],  pitchiloite — vitreous  paste  approaching  to  obsidian,  often  with  a 
fatty  lustre ;  crystals  of  glassy  felspar  with  imperfect  terminations ; 
little  geodes  of  chalcedony  more  or  less  numerous. 

4th,  gbAniar  ilnny — atony  mass,  composed  of  globules  with  a  compact 
or  radiated  structure,  acmi-vitreous  or  altogether  stony. 

5th,  aluny  in  mow— the  whole  mass  semi -vitreous,  or  alti^elher  atony  ; 
the  structure  pas  sing  sometimea  into  porphyritic. 

4lh  Species,  Millstone  Pobphyby. 

This  apeciea  is  so  uniform  in  its  composition,  as  not  to  admit 
of  being  distingutshcd  in  the  mumer  of  the  preceding. 

mh  Species,  Ta^cnyiig  Cq^^qlovsute. 

1st,  Ihf  eani/lomfralet  made  up  of  the  debris  1/  trachyte,  cemented  by 
an  earthy  or  more  or  less  crystalline  paste. 

2nd,  the  conglomerate  roiuUling  chiefs  of  the  Irarhgle  and  niUnlone 
porphyry — rounded  or  angular. 

3rd,  t/ie  conglomeratei  pumiceoiu,  composed  of  fragments  of  pumice 
and  obsidian,  agglutinated  either  immediately,  or  by  the  interven- 
tion of  some  cement  more  or  less  earthy. 

4th,  the  conglomerates  porphyritic,  caused  in  the  first  instance  by  the 
decomposition  of  the  pumice,  but  containing  crystals  which  have 
resulted  from  a  aubaequent  play  of  affinities  within  the  mass. 

5th,  the  aluminoai  btdt,  conaisting  of  tufaceous  or  conglomerated  rocka 
impregnated  with  alum. 

1  have  now,  by  the  assistance  of  Beudant's  laboiious  and 
apparently  accurate  treatise,  presented  an  account  of  the  tra- 
chytic  formation  as  it  exists  in  the  country  where  it  is  most 
fully  developed,  and  have  been  induced  to  enter  more  into 
particulars  than  it  is  my  purpose  in  genci'al  to  do,  as  I  am  not 
aware  of  any  so  detailed  account  of  this  class  of  rocks  existing 
in  the  English  language;  a  deficiency  arising  probably  from 
the  total  absence  of  the  formation  Itself  from  all  parts  of  the 
British  dominions. 
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Not  but  there  are  some  rocks  even  among  ourselves  which 
remind  us  of  the  trachytes  of  Hungary,  although  not  abso- 
lutely referable  to  the  same  class.  The  clay  porphyry  asso- 
ciated with  red  sandstone  in  the  Isle  of  Arran,  and  that  of 
Sandy  Brae  in  the  county  of  Antrim,  present  at  least  nu- 
merous analogies  with  them,  and  the  latter  rock  not  only 
passes  into  pitchstone,  sometimes  resembling  the  pearl- 
stone  of  Hungary,  but  also  contains  nests  and  veins  of  wax 
opaL 

The  two  formations  are  indeed  distinguished  by  the  con- 
stant absence  of  scorified  matter  from  the  porphyries  of 
Ireland  and  of  Arran,  and  its  occasional  presence  in  those  of 
Hungary,  but  this  difference  will  I  hope  be  satisfactorily 
explained  hereafter,  by  considering  their  several  ages,  and 
the  manner  in  which  the  agency  of  heat  upon  them  has  been 
modified  by  this  circumstance.  The  porphyry  of  Arran  is 
interstratified  with  red  sandstone,  and  that  of  Sandy  Brae, 
though  an  overlying  mass,  is  probably  referable  to  the  same 
sera  as  the  basalt  of  the  Giant^s  Causeway,  which  seems  to  be 
about  the  date  of  the  chalk ;  whereas  the  trachyte  of  Hun- 
gary would  appear,  from  its  containing  shells  belonging  to 
the  Paris  basin,  not  to  be  older  than  the  miocene  period. 

Though  therefore  all  these  rocks  may  have  been  produced 
under  water,  yet  we  may  readily  suppose  the  pressure  exerted 
by  the  ocean  to  have  been  greater  in  the  one  case  than  in  the 
other,  and  may  thus  explain  the  absence  of  scorified  matter, 
without  supposing  the  Arran  and  Irish  porphyries  to  have 
been  produced  by  causes  essentially  different. 

But  we  need  not  look  further  than  Hungary  itself  for  a  class 
of  rocks  presenting  an  equal  analogy  with  trachyte^  but  ac- 
companied with  differences  similar  to  those  just  pointed  out. 

I  have  already  enumerated  amongst  the  primary  rocks  of 
this  country  a  porphyry  consisting  essentially  of  compact  fel- 
spar and  of  hornblende,  which  appears  to  alternate  with  syenite^ 
with  mica  slate,  and  even  with  granite. 

The  frequent  resemblance  which  this  rock  bears  in  mine- 
ralogical  characters  to  trachyte,  from  which  however  the 
absence  of  cellularity  and  of  vitreous  structure  clearly  distin- 
guishes it|  proved  a  subject  of  great  perplexity  to  me  at  the 
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time  I  visited  Hungarj',  when  tlie  fact  of  granite  being  of 
comparatively  recent  eruption  was  as  yet  but  partially  ac- 
knowledged. 

Granting  the  porphyry  to  have  been  contemporaneous  with 
the  granite,  and  the  granite  to  be  of  more  ancient  date  than 
the  whole  range  of  transition,  secondary,  and  tertiary  rocks 
which  had  preceded  the  eruption  of  the  trachyte,  it  appeared 
singular  that  if  the  former  no  Icsa  than  the  latter  were  of 
igneous  formation,  the  same  agent  should  have  occasioned 
similar  effects  at  epochs  so  incalculably  remote,  without 
leaving  any  vestiges  of  its  operation  as  the  product  of  an 
intermediate  periotl. 

Or  if  the  igneous  origin  of  granite  was  denied,  and  that  of 
porphyry  was  in  consequence  disputed,  how  were  we  to  ex- 
plain the  production  of  a  rock  so  analogous  to  trachyte  by 
the  operation  of  causes  altogether  different  from  those  which 
had  given  birth  to  the  latter  ? 

But  upon  reviewing  the  subject  with  the  hghts  which  mo- 
dern investigations  have  afforded,  I  find  nothing  certain  witli 
regard  to  the  age  of  the  porphyry  or  of  its  associated  rocks. 
It  seems  possible,  so  far  as  we  at  present  know,  that  even 
the  granite  may  have  been  ejected  at  n  period  comparatively 
modern,  and  we  are  therefore  at  liberty  lo  regard  the  whole 
of  the  igneous  formations  of  Hungary  as  belonging  to  the 
same  geological  epoch,  and  to  have  been  modified  only  by 
certain  ditferences  io  the  conditions  under  which  they  were 
severally  ejected. 

The  compact  nature  of  the  one,  the  occasional  cellularity 
and  vitreous  state  of  the  other,  clearly  indicate  the  absence  or 
presence  of  pressure  whilst  the  rocks  were  undergoing  the 
process  of  cooling, — a  difference,  the  causes  of  which  will  be  a 
subject  of  after>consideratJon.  We  shall  find  that  the  same 
association  of  trachyte  with  greenstone  porphyry  occurs  io 
Mexico,  and  that  the  latter  rock  in  both  these  localities 
abounds  in  mines  of  gold  and  silver. 

The  pretended  passage  of  greenstone  porphyry  into  trachyte 
does  not  appear  to  be  substantiated,  for  although  the  former 
rock  when  in  contact  with  the  latter  may  put  on  in  some 
degree  the  same  characters,  yet  this  circumstance  may  pro- 
bably be  accounted  for  by  the  action  of  the  heated  mass  of 
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trachyte  upon  the  surface  with  which  it  was  in  immediate 
contact. 

The  trachytic  formation  is  sometimes  accompanied  by  de* 
tached  cones  of  basalt,  as  at  the  Calvarienburg,  near  Schem- 
nitz ;  but  the  principal  masses  of  that  rock  lie  at  a  considera- 
ble distance  near  the  lake  of  Balaton,  where  they  occur  in  the 
midst  of  a  sandy  plain,  either  in  detached  cones  or  in  elevated 
tabular  masses. 

Not  having  visited  that  part  of  Hungary,  I  am  unable  to 
state  whether  or  not  they  are  posterior  to  the  formation  of 
the  valleys ;  but  the  quantity  of  highly  porous  and  scoriform 
substances  with  which  they  are  said  to  be  associated  seems 
to  indicate  a  recent  origin.  It  is  certain  at  least  from  Beu- 
dant^s  account,  that  they  could  not  have  been  anterior  to  the 
tertiary  class  of  rocks :  since  he  observ'ed  them,  they  are  seen 
in  several  places  resting  upon  molassc. 


K  2 


< 


W  CHAPTER  VI.  ^^^H 

*  VOLCANIC  ROCKS  OF  TRANSYLVANIA.  ^^ 

Direction  and  extent  uf  the  chain. — Trachj'tic  conglomerates  and  tntchytic 
cooes. — Craters  near  Tuschn ad.  — Sulphureous  vapours  at  Budoshegy. — 
Hot  springs  al  Borsah. — Pumice  ejected. — Cone  of  trftchyle  in  Schln- 
vonia. — Cellular  basalt  near  Giios. 

In  Transylvania*,  volcanic  rocks  of  undoubted  teiliary  origin 
occur  in  the  eastern  part  of  the  country  alone. 

I  The  above  formation  constitutes  a  range  of  hills  covered 

with  thick  wood,  which  separates  fiom  Transylvania  the 
Szeckler  land,  or  the  valley  in  which  the  Hungarian  tribe  of 

.  that  name  reside. 

'  The  chain  itself  extends  from  the  high  hills  of  Kelemany, 

I  north  of  Remcszcl,  to  the  hill  of  Budoshegy,  about  ten  or 
twelve  miles  north  of  Vasarhely.  The  wild  tract  included 
within  this  mountainous  range  is  ao  broad,  that  it  rcqulrea  a 
day's  journey  to  cross  it  in  a  carriage ;  at  its  northern  ex- 
tremity, however,  it  gets  gradually  narroiier.     Its  limits  arcj 

•  I  ara  indebted  for  the  whole  of  this  account  of  Transylvania  to  Dr. 
Bou^,  the  author  of  a  Geognoatical  Essay  on  Scotland,  of  several  interest- 
ing papers  on  the  Geology  of  France  and  Germany,  and  of  an  elaborate 
work  on  European  Turkey  which  will  be  afterwards  referred  to.  The 
value  of  the  sketch  here  given  is  enhanced 'from  the  circumstance,  that  no 
individual,  so  far  as  I  am  aware,  haa  communicated  to  the  public  any  de- 
scription of  this  remote  country  since  the  branch  of  natural  history  which 
relates  to  the  physical  structure  of  the  earth  had  begun  to  assume  its  pre- 
sent form.  Dr.  Bout's  design  comprehended  the  whole  of  the  Bannat,  and 
the  provinces  of  the  Austrian  empire  as  far  as  Trieste  ;  hut  a  severe  illness, 
occasioned  by  the  villainy  of  a  seri'ant,  who  attempted  to  poison  him,  in 
order  the  more  readily  to  make  off  with  his  money  and  property,  brought 
his  researches  at  that  time  to  an  abrupt  termination.  Before  however  this 
event  occurred,  he  had  examined  a  great  part  of  the  southern  and  eastern 
portion  of  Hungary,  including  the  trachytic  formation  of  Transylvania,  and 
published  a  report  of  what  he  had  seen  in  the  tirst  volume  of  the  Memoirs 
of  the  Geological  Society  of  France,  of  which  the  annexed  account  is  an 
abstract.  See  also  in  the  same  volume,  a  Memoir  by  Boue,  founded  on  the 
Notes  of  the  late  M.  Lill  de  Lilienbach. 
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to  the  east  the*  river  Marosch  from  TopUtza  upwards,  the 
Aluta  from  Varosch  to  Tuschnad  and  Kasson ;  to  the  west, 
a  line  passing  through  Kasson^  Tulle,  Udyarhely,  Parayd, 
libonfalva  and  Pata.  It  is  for  the  most  part  composed  of 
various  kinds  of  trachytic  conglomerate,  of  which  the  best 
sections  are  presented  along  the  course  of  the  Marosch,  for 
elsewhere  a  most  impracticable  forest  of  pines  and  oaks  covers 
it  nearly  throughout.  From  the  midst  of  these  vast  tufaceous 
deposits,  the  tops  of  the  hills  composed  of  trachyte,  a  rock 
which  forms  all  the  loftiest  eminences,  here  and  there  emerge. 
Of  these  the  most  elevated  is  called  Kelemany ;  the  other 
principal  ones  are  Fatatschion,  Pritzilasso,  Hargala,  Barot, 
the  hills  south  of  Tuschnad,  &c.  &c.  The  trachyte  is  ordi- 
narily reddish,  greyish,  or  blackish ;  it  mostly  contains  mica. 
In  the  southern  parts,  as  near  Tschik  Sereda,  the  trachyte 
incloses  large  masses,  sometimes  forming  even  small  hillocks^ 
of  that  variety  of  which  millstones  are  made,  having  quartz 
crystals  disseminated  through  it,  and  in  general  indurated  by 
siliceous  matter  in  so  fine  a  state  of  division  that  the  parts  are 
nearly  invisible.  The  latter  substance  seems  to  be  the  result 
of  a  kind  of  sublimation,  which  took  place  at  the  moment  of 
the  formation  of  the  trachyte. 

Basalts  were  nowhere  observed,  although  black  trachyte 
abounds.  Distinct  craters  are  only  seen  at  the  southern 
extremity  of  the  chain.  One  of  the  finest  observed  by  Dr. 
Bou£  was  to  the  south  of  Tuschnad ;  it  was  of  great  size  and 
well-characterized,  surrounded  by  pretty  steep  and  lofty  hills 
composed  of  trachyte.  The  bottom  of  the  hollow  was  full  of 
water.  The  ground  near  has  a  very  strong  sulphureous  odour. 
A  mile  in  a  S.S.E.  direction  from  this  point  there  are  on  the 
table-land  two  large  and  distinct  ^^maars,^^  like  those  of  the 
Eifel,  that  is  to  say,  old  craters,  which  have  been  lakes,  and 
are  now  covered  with  a  thick  coat  of  marsh  plants ;  the  cattle 
dare  not  graze  upon  them  for  fear  of  sinking  in. 

Some  miles  farther  in  the  same  direction  is  the  well-known 
hill  of  Budoshegy  (or  hill  of  bad  smeU)>  a  trachytic  moun- 
tain>  near  the  summit  of  which  is  a  distinct  rent,  exhaling 
very  hot  sulphureous  vapours.  The  heat  of  the  ground  is 
such  as  to  burn  the  shoes.  A  deposition  of  sulphur  has  taken 
place  there^  and  the  rode  is  converted  into  alum-slone  by  the 
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action  of  the  vapours  upon  the  conatituents  of  llic  trachyte. 
In  thia  manner  hollows  are  formed  in  the  rock.  At  the  base 
of  the  hill  are  some  very  fiue  ferruginous  sulphur  springs, 
much  resorted  to  for  various  diseases  by  the  inhabitants,  who 
encamp  near  them  in  the  open  air  during  summer.  Chaly- 
beate sulphur  springs  generally  abound  at  the  base  of  thia 
volcanic  range,  and  clialybeates  with  carbonic  acid  still  more. 
Some  of  these  appeared  as  good  as  those  of  Pyrmont,  and  the 
most  famous,  that  of  Borsah,  a  bathing-place  much  resorted 
to  by  the  Transylvanian  nobles,  contains  more  carbonic  acid 
than  Pyrmont  water  itself. 

The  craters  last  described  have  thrown  out  a  vast  quantity 
of  pumice,  which  now  forms  a  deposit  of  greater  or  less  thick- 
ness along  the  Aluta  and  the  Marosch  from  Tuschnad  to 
Toplitza.  Impressions  of  plants  and  some  siliceous  wood  are 
likewise  to  be  found  in  it,  as  is  the  case  in  Hungary.  These 
fragments  of  pumice  have  been  deposited  under  water.  Some, 
says  Dr.  Bou^,  might  be  disposed  to  set  down  a  more  con- 
siderable portion  of  Transylvania  as  trachytic  than  I  have 
done,  but  I  have  satisfied  myself  that  many  rocks  which  may 
appear  to  be  trachyte  are  notlung  but  some  of  the  newer 
transition  or  coal -sandstone  porphyries,  which  are  here  and 
there  more  scorified  than  flsewherej  or  of  which  the  scorified 
portions  have  stood  the  action  of  the  weather  better  than  the 
rest.  This  may  be  the  case  with  the  most  recent  porphyries 
of  the  two  great  deposits  of  that  formation,  the  one  of  Mar- 
morosch,  the  other  in  the  Gespanhschaft  (comitat)  of  Hunyod 
and  the  Stuhl  of  Muhlenbach. 

To  this  account  of  the  volcanic  rocks  of  Transylvania  I 
have  only  to  add  that  a  basaltic  cone  is  mentioned  by  Beudant 
as  occurring  in  Schlavonia  near  Petemaradin,  and  that  I  my- 
self saw  in  the  possession  of  Professor  Schuster  at  Biida, 
specimens  from  that  province,  and  probably  from  the  same 
locality,  which  from  their  seoriform  aspect  I  should  judge  to 
be  of  modem  formation. 

Dr.  Bou^  also  informs  me  that  between  Ober-Pullendorf 
and  Stoop,  near  Guns  in  Hungary,  south  of  the  lake  of  Neu- 
uedel,  is  a  flat  conical  hill  about  100  feet  in  height,  half  a 
league  in  its  greatest  diameter,  and  a  quarter  of  a  league  in 
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its  smallest,  which  rises  from  the  midst  of  the  upper  tertiary 
deposits,  or  amongst  the  marly  beds  lying  above  the  blue 
shelly  marl  common  to  Austria  and  the  Apennines.  The 
rock  itself  is  composed  of  a  blackish  or  greyish  felspathic 
basalt,  which  is  sometimes  compact,  and  contains  oval  no- 
dules, partly  of  mamillary  or  botryoidal  iron  ore,  and  partly 
of  arragonite ;  sometimes  very  porous,  and  with  the  cavities 
either  entirely  empty,  or  coated  with  globules  of  sphaero- 
siderite. 

The  direction  of  the  cells  is  from  E.N.E.  to  W.S.W.,  and 
the  same  is  the  direction  of  the  range  itself.  It  is  decidedly 
a  tertiary  basaltic  cone,  having  its  base  only  covered  by  recent 
marls. 
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CHAPTER  VII.  ^^^^ 

VOLCANIC  ROCKS  OF  STVRIA.  ^^^ 

VolcHuos  of  Styria. — Trachyte  of  Gleichenbcrg  near  Griitz. — Age  of  the  I 

beds  EurrouDdinu  it.  — Mode  of  ttccountliig  for  the  position  occupied  by  I 

the  tTBchylc.— Trachjie  of  Cilli.  I 

On  my  way  from  Vienna  into  Italy  in  1823, 1  deviated  a  littls  I 

from  the  direct  road,  in  order  to  look  at  some  rocks  of  a  vol- 
canic nature  that  occur  near  Frieduu  in  Styria,  a  little  to  the 
south-east  of  Gratz,  of  which  the  only  account  that  had  been 
published  was  a  short  oue  by  Von  Buch,  in  the  Transactions 
of  the  Academy  of  Berlin. 

The  formation  in  question  may  be  briefly  stated  as  con- 
sisting of  a  central  nucleus  of  trachyte,  which  constitutes  the 
lofiy  conical  hill  culled  tlie  Gleichenberg,  round  which  on  all 
aides  apparently  are  mantle-shiiped  strata  of  volcanic  tuff, 
alternating  with  bt-ds  betonginfs;  to  the  tertiary  class. 

Tlic  tuff  consists  in  general  of  a  congeries  of  very  minute 
fragments  of  volcanic  matter,  which  seem  to  have  been  im- 
mediately ejected  from  the  volcano,  mixed  up  and  loosely 
agglutinated  with  small  quartzy  pebbles.  In  the  midst  of  it 
are  fragments  of  cellular  and  compact  basaltic  lava,  sometimes 
containing  nests  of  olivine.  Masses  of  the  same  substance  of 
a  globular  form,  not  imbedded  in  any  matrix,  are  found  also 
distributed  amongst  the  tuff.  Specimens  of  augite,  and  of  a 
substance  looking  like  altered  granite,  likewise  occur.  The 
tuff,  becoming  more  and  more  mixed  with  particles  of  clay 
and  sand,  passes  at  length  into  a  loamy  earth,  at  first  dark, 
and  afterwards,  where  it  is  unmixed  with  volcanic  matter,  of 
an  ash-grey  colour.  The  constituents  are  in  a  state  of  very 
fine  division,  and  a  number  of  minute  specks  of  silvery  mica 
impart  a  sparkling  lustre  to  the  general  mass,  and  give  it  the 
appearance  of  a  bed  of  silt  deposited  tranquilly  at  the  bottom 
of  a  lake. 

At  a  village  called  Khelig,  a  little  to  the  south  of  the  former 
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locality^  I  observed  that  the  tuff,  which  here  contained  de- 
cided scoriae^  was  superimposed  on  a  rock  which  nowise  dif- 
fered from  ordinary  basalt,  except  in  the  existence  of  minute 
internal  pores.  It  formed  a  number  of  concentric  lamellar 
concretions,  of  which  the  external  have  become  decomposed^ 
whilst  the  internal  retain  their  solidity.  The  exterior  surface 
of  the  balls  is  coated  with  asphaltum.  The  whole  rests  upon 
a  bed  of  marl  without  any  traces  of  volcanic  matter. 

We  find,  at  a  somewhat  greater  distance  from  the  central 
trachyte,  strata  of  limestone  full  of  shells,  belonging  to  the 
most  recent  order  of  deposits,  amongst  which  the  miliolite 
occurs,  but  which  consists  in  a  great  degree  of  a  conglome- 
ration of  little  oval  concretions,  which  give  to  the  rock  exactly 
the  appearance  of  the  oolite  of  our  own  country. 

Professor  Sedgwick  and  Sir  Roderick  Murchison,  who  iii 
the  year  1829  visited  this  district,  consider  the  above-men- 
tioned rocks  as  belonging  to  the  newest  of  the  three  groups 
into  which  they  divide  the  tertiary  formations  of  Styria  and 
Austria. 

But  Mr.  Lyell  sees  no  sufficient  reason  for  separating  the 
beds  which  belong  to  this  newest  division  from  those  of  the 
mioccne  period,  and  consequently  regards  the  principal  erup- 
tions of  volcanic  matter  which  took  place  in  that  province  as 
having  begun  at  the  same  epoch. 

Respecting  the  age  at  which  the  igneous  causes  ceased, 
these  authors  offer  no  conjecture.  We  do  not  find  traces  of 
their  action  since  the  sea  retired  from  the  bays  of  Lower 
Styria,  as  no  igneous  rocks  follow  the  direction  of  the  valleys 
or  inclined  planes  presented  by  the  existing  surface  of  the 
country.  On  the  contrary,  they  rise  in  steep  insulated  masses, 
formed,  evidently,  before  the  rivers  drained  through  their 
present  channels ;  and  they  offer  most  emphatic  proofs  of  the 
enormous  degi\.dation  and  waste  of  the  country  since  the 
formation  of  one  of  the  newest  regular  deposits  known  in 
geology. 

Two  hypotheses  present  themselves  with  respect  to  the  age 
of  the  trachyte  of  the  Gleichenberg ;  for  it  may  either  be 
saifl,  that  having  been  first  thrown  up  by  volcanic  action,  the 
beds  of  tuff  and  of  marl  collected  by  degrees  around  its  base ; 
or  that  after  the  latter  had  been  formed  in  a  position  approach- 


r 


1S8 


STYRIA — ITS  TRACHYTES. 


ing  to  the  horizontal,  the  rock  of  the  Gleichenberg,  being 
forced  up  through  the  midst  of  them,  imparted  the  incllDation 
which  they  are  now  seen  to  possess. 

For  my  own  pnrt  1  am  most  disposed  to  adopt  the  latter 
opinion,  on  the  same  ground  on  which  I  assented  to  M. 
Bertrand  Roux's  ideas  with  respect  to  the  rock  of  the  Mont 
Mezen ;  for  it  seems  probable  that  if  the  trachyte  had  been 
formed  in  the  first  instance,  fragments  of  it  ought  to  appear 
intermixed  with  the  other  materials  of  the  tuff,  which  I  did 
not  discover  to  be  the  case.  The  inclination  likewise  pos- 
sessed by  the  strata  of  tuff  seems  to  me  too  considerable  to  be 
consistent  with  the  former  hypothesis,  but  accords  very  well 
with  the  latter. 

The  following  sketch  may  give  an  idea  of  the  disposition  of 


the  central  trachyte. 


Where  a  and  b  are  alteraating  beds  of  tuff  and  loam  or  sand,  C  is  the 
trachyte,  and  D  a  valley  of  denudation  separating  the  two  rocks. 

Messrs.  Sedgwick  and  Murchison  did  not  examine  this 
volcanic  region,  but  they  remark,  that  in  the  hill  of  Feresh, 
the  alternating  beds  of  tertiary  sand  and  volcanic  tufa  are 
nearly  horizontal.  This  however  did  not  appear  to  be  the 
case  as  to  those  I  observed  in  the  immediate  neighbourhood 
of  the  Gleichenberg. 

Further  to  the  south,  near  the  town  of  Cilli  on  the  southern 
side  of  the  river  Savi,  Professor  Studer  in  the  year  1827  dis- 
covered rocks  consisting  of  trachyte ;  but  I  am  unable  at  pre- 
sent to  refer  to  any  detailed  account  of  their  character  or 
relations. 
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VOLCANIC  ROCKS  OF  NORTHERN  ITALY. 

• 

Volcanos  of  Northern  Italy. -7-Euganean  hills. — ^Trachyte— associated  with 
Scaglia. — Vicentin,  cellular  andjcompact  volcanic  rocks. — Monte  Bolca. 
— Bassano. — Formation  of  the  tuff. — Volcanic  rocks  near  Lake  Lugano, 
and  Lake  Como. 

The  volcanic  rocks  of  Italy  may  for  convenience  sake  be 
considered  under  three  several  heads^  namely — 1st,  those 
occurring  north  of  the  Po,  or  in  Lombardy ;  2ndly,  those 
extending  from  the  north  of  Tuscany,  through  the  Roman 
territory,  to  the  Pontine  Marshes ;  and  3rdly,  those  found  in 
various  parts  of  the  kingdom  of  Naples.  The  first  may  be 
designated  the  volcanos  of  Northern,  the  second  of  Central, 
and  the  third  of  Southern  Italy. 

Although  volcanic  operations  appear  at  present  to  be  pro- 
ceeding only  in  the  last-mentioned  locality,  and  therefore  give 
to  it  in  point  of  interest  a  prominence  over  the  other  parts  of 
the  Peninsula  in  relation  to  our  present  subject,  it  will  never- 
theless be  best  to  consider  the  whole  in  geographical  order, 
beginning  with  the  Venetian  territory  as  the  most  northern. 

On  entering  Italy  by  the  side  of  Venice,  we  have  not  far 
to  go  before  we  meet  with  a  very  extensive  and  interesting 
volcanic  district. 

To  the  south  of  Padua  lie  the  Euganean  hills,  an  isolated 
tract  of  high  ground  in  the  midst  of  a  level  country,  consist- 
ing of  a  trachytic  formation,  not  unlike  that  of  Hungary, 
which  from  its  cellular  structure  in  some  cases,  and  its  semi- 
vitreous  aspect  in  others,  would  at  once  be  taken  for  a  vol- 
canic product.  Like  that  formation  too  as  developed  in  the 
latter  country,  it  consists  of  several  kinds  of  rock,  which  how- 
ever are  so  allied,  and  so  connected  by  mutual  passages,  as 
to  show  that  they  have  been  all  derived  from  a  modification 
of  the  same  process* 
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The  most  characteristic  variety  is  a  rock  of  an  ash-grey 
colour  and  uneven  fracture,  very  like  the  porphyry  of  Mont 
Dor,  or  the  first  species  of  Beudant's  trachytic  formation 
(Monselice).  It  contains  numerous  crystals  of  glassy  felspar, 
sometimes  decomposed,  aometimes  fresh,  and  occasionally 
specks  of  black  mica,  which  is  also  accumulated  in  nesta,  the 
several  parts  of  which  have  a  slaty  structure,  like  that  of  mica 
slate.  Crystals  of  augite  are  also  found  under  the  same  cir- 
cumstances. Associated  with  this  is  a  rock  possessing  a 
sphntery  fracture,  wasy  lustre,  and  vitreous  appearance, 
which  may  be  called  a  hornstone  porphyry.  Some  varieties 
arc  cellular,  and  contain  infiltrations  of  quartz  and  chalcedony, 
like  the  millstone  trachyte  of  Hungary;  others  approach 
very  nearly  to  the  characters  of  pearlstone,  presenting,  to- 
gether with  the  ^*itreous  uspect  of  that  substance,  an  approach 
to  a  similar  concentric  arrangement  (Monte  Siave}.  In  these 
cases  the  crystals  of  glassy  felspar,  which  distinguish  true 
trachyte,  are  either  absent,  or  very  rarely  occur. 

Iliis  formation  is  associated  at  Monte  Venda  with  basalt, 
the  relation  of  wliich  to  the  tmchyte  is  as  obscure  as  it  is  in 
the  parallel  cose  of  the  Siehengebirge.  It  is  also  surrounded,  at 
Castelletto,  by  strata  of  tuif  and  of  pumiceous  conglomerate, 
in  a  manner  analogous  to  what  I  have  described  as  takiiig 
place  near  the  Gleichenberg  in  Styria,  but  disposed  mora 
vertically. 

In  some  parts  a  conglomerate  or  breccia  occurs  (Monte 
Nuovo),  which  seems  to  be  principally  made  up  of  the  horn- 
stone  above  described,  intermixed  with  a  white  powdery  sili- 
ceous substance  which  fills  up  the  interstices.  The  vikde 
of  this  mass  might  be  imagined,  as  well  from  ita  vitreous  ap- 
pearance as  from  the  intimate  union  of  its  puts,  to  have 
been  conaolidated  by  fusion,  or  at  least  by  the  action  of  heat. 

The  trachyte  of  the  Ei^anean  hiUs  rests  upon  a  calcareous 
rock,  which  appears  to  correspond  with  the  dialk  of  Great 
Britain.  It  is  called  Scaglia,  from  ita  alaty  structure,  being 
disposed  in  thin  horisontal  layers.  Ita  colour  is  commonlj 
white,  now  and  then  with  a  shade  of  red,  and  its  compactness 
usually  is  quite  equal  to  that  of  our  hardest  chalk,  thou^ 
softer  varieties  are  sometimes  met  with. 

The  points  however  chiefly  to  be  insisted  o 
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ing  the  identity  of  the  two  formations,  are,  the  kidney-shaped 
masses  of  flint  disposed  in  beds  throughout  the  scaglia,  as  in 
the  chalk  of  England,  and  the  nature  of  the  petrifactions  that 
occur  in  it,  which,  from  the  list  given  in  the  Abb£  Maraschini^s 
work  *,  appear  to  consist  of  Ammonites,  Terebratulites,  and 
various  species  of  the  Echinus  family ;  viz.  the  Echinoneus, 
Qalerites,  Ananchytes,  Spatangus,  Cidaris,  Nucleolites,  and 
Echinus  proper y  of  Lamarck. 

By  comparing  this  list  with  the  one  given  in  Messrs. 
Conybeare  and  Phillips^s  *  Geology  of  England  and  Wales,* 
p.  73,  it  will  be  seen  that  the  analogy  between  the  two  for- 
mations is  in  this  respect  considerable. 

Pollini  however  maintains,  that  there  is  in  fact  no  broad 
line  of  distinction  between  the  scaglia  and  the  tertiary  beds, 
for  the  calcaire  grossier  of  Verona  passes  into  and  even  alter- 
nates with  the  scaglia,  which  again  graduates  into  an  oolitic 
limestone  with  fossils  belonging  to  the  oolitic  series.  Num- 
mulites  too  occiir  not  only  in  the  tertiary  rocks,  but  also  in 
the  scagUa,  and  even  as  low  down  as  the  Jura  limestone. 

This  conclusion  is  adopted  by  Sir  Roderick  Murchison, 
who  remarks,  that  near  Bassano  we  find  a  continuity  of  ma- 
rine deposits  from  the  latest  tertiary  to  the  secondary  series 
of  formations. 

He  however  entirely  coincides  in  the  conclusion  which 
I  had  adopted  in  the  first  edition  of  this  work,  as  to  the 
identity  of  the  scaglia  with  the  chalk  of  England. 

I  know  not  whether  the  redness  and  brittleness  of  the  flints 
in  a  part  of  the  rock  which  lies  near  the  trachyte,  not  far 
from  the  village  of  Battaglia,  is  to  be  explained  in  the  same 
manner  in  which  Messrs.  Buckland  and  Conybeare  have 
accounted  for  a  similar  change  in  some  of  those  near  the 
Giant^s  Causeway,  namely,  by  the  influence  of  the  melted 
matter  upon  them ;  but  it  is  at  least  certain,  that  this  vol- 
canic rock  has  sometimes  produced,  upon  the  surface  of  the 
subjacent  bed,  alterations,  which  afford  additional  evidence 
of  its  igneous  origin. 

Thus  at  the  village  of  Schevanoya,  on  the  southern  slope 
of  the  Euganean  hills,  the  trachyte  is  incumbent  on  an  argil- 

*  Salle  Formazioni  delle  Rocce  del  Vicentino  (Padova,  1824),  p.  122. 
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laceous  variety  of  what  I  presume  to  be  scoglia,  which  is 
naturaUy  so  iucohemit  aa  to  be  softened  by  every  shower  of 
rain.  As  we  trace  it  upwards  however,  we  fiad  it  gradually 
becoming  more  aud  more  compact,  until  at  last,  where  it 
touches  the  incumbent  trachyte,  it  becomes  perfectly  hard 
and  splintery  in  its  fracture. 

But  the  trachyte  of  this,  and  I  may  add,  of  other  allied  loca- 
lities in  the  north  of  Italy,  is  posterior  not  only  to  the  chalk, 
but  also,  as  it  would  appear,  to  some  of  the  tertiary  formations 
incumbent.  Professor  Savi  has  observed,  that  the  trachytes 
of  Tuscany,  which  will  be  noticed  presently,  traverse  in  the 
vicinity  of  Volterra  and  of  Groascto  the  subapenniue  beds; 
and  the  Marchcsc  Pareto  has  satisfied  liimaelf  of  the  same 
iact  at  Monte  Cimini.  Count  da  Rio  and  Signor  Pasini  too 
have  seen  the  trachyte  of  the  Euganean  hills  traversing  ter- 
tiary rocks,  and  that  of  the  Ponza  Islands  appears  to  do  the 

All  these  trachytic  formations  therefore  may  be  inferred  to 
belong  to  the  same  epoch,  and  that  a  very  recent  one. 

Other  indications  of  volcanic  action  may  perhaps  be  gathered 
from  the  springs  of  hot  water  impregnated  with  sulphuretted, 
hydrogen,  which  gush  out  from  the  rock  near  the  village  <^ 
Battaglia*,  and  are  still  in  repute,  as  they  were  in  the  time  of 
the  Romans,  for  their  medicinal  qualities. 

Perhaps  the  fable  of  Phaeton  f,  who  was  said  to  have  fallen 
from  heaven,  or  to  have  been  struck  by  lightning  on  the 

*  It  was  the  Foas  Aponi  mentioned  by  Lncan,  lib.  7 : 
Euganeo,  si  vera  fides  memorantibus,  augur 
CoUe  Bcdene.  Apotnit  Irrrit  ttW/umtfer  txit, 
Venit  summa  dies,  geritar  res  maxima,  dixit; 
Impia  coQCQiTUDt  Pompeii  et  Qesoris  arma. 
Claudi&D  also  celebrates  it. 

t  Tietzee,  io  his  Scbol.  oa  Lycophrou,  wys,  that  Bome  supposed  the 
Lake  Avemaa  to  exist  among  the  Euganean  hills,  and  the  circumstances 
that  gave  rise  to  the  fable  of  Phaeton  to  have  happened  there.  Martial  too 
has  these  lines : 

£mula  Baianis  Altini  littora  villls, 

Et  Pbaethontei  conscia  sylva  rogi ; 
Quieque  Antenorio,  Dryadum  pulcherrima,  Fauno 
Nupsit,  ad  Euganeos  sola  puella  lacus ! 
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borders  of  the  Po,  may  refer  to  some  tradition  that  existed  of 
volcanic  phsenomena,  which  might  have  continued  here  long 
after  the  formation  of  the  trachyte,  as  they  now  do  in  Tran- 
sylvania, an  idea  which  I  perceive  had  also  struck  Sir  Hum- 
phry Davy  *. 

The  neighbouring  country  to  the  north  of  Vicenza  is  in- 
teresting to  the  volcanist,  as  enabling  him  to  trace  the  differ- 
ences that  exist  between  the  ignigenous  rocks  of  the  very  same 
country,  according  to  their  relative  degrees  of  antiquity. 

It  appears  that  all  the  formations  of  that  country  from  the 
talc  slate,  which  is  the  fundamental  rock,  up  to  the  scaglia  f, 
which  is  an  equivalent  of  our  chalk,  arc  accompanied  by  trap 
rocks,  both  in  beds  and  in  dykes,  having  a  uniformly  com- 
pact structure,  or  cells  completely  filled  with  crystalline  matter; 
whereas  the  tertiary  beds  that  lie  above  them  all  alternate 
with  a  tuff,  consisting  of  materials,  the  volcanic  nature  of 
which  is  more  plainly  attested  by  the  scoriform  and  vitreous 
aspect  which  so  often  belongs  to  them.  It  is  impossible  to 
imagine  any  combination  of  phaenomena  more  in  accordance 
with  the  idea,  that  the  compactness  of  lavas  is  regulated  ccet, 
par.  by  the  pressure  which  they  have  undergone,  and  that 
the  absence  of  vacuities  in  the  case  of  all  those  formed  during 
the  deposition  of  the  older  rocks,  arose  from  the  fluid  mass 
superimposed ;  since  it  is  seen  that  the  products  of  volcanos 
in  action  subsequently  to  the  date  of  the  chalk,  produced 
probably  in  comparatively  shedlow  lakes,  rather  than  in  deep 
water,  approximate  in  their  characters  more  nearly  to  the 

*  See  his  posthumous  work  entitled  '  Last  Words  of  a  Philosopher.' 
t  The  Abb6  Maraschini  was  good  enough  to  show  me  a  hill,  near 
Recuaro,  north  of  Schio,  where  according  to  him  the  greater  part  of  the 
formations  met  with  in  that  neighbourhood  are  seen  united.  In  his 
Memoir  entitled  "Observ.  soprk  alcun.  Local,  del  Vicent./'  which  was 
published  in  the  'fiiblioteca  Italiana/  and  in  his  late  work  referred  to 
above,  a  full  enumeration  of  the  series  is  given ;  I  shall  therefore  content 
myself  with  stating,  that  on  this  hill  are  seen,  resting  on  the  talc  slate, 
which  appears  to  be  the  fundamental  rock  of  the  country,  1st,  a  red  sand- 
stone, 2nd,  an  augite  rock  (dolerite),  3rd,  another  red  sandstone  with  seams 
of  slate-coal,  and  above,  three  alternations  of  sandstone  and  limestone, 
which  the  Abb^  is  inclined  to  refer,  I  know  not  how  correctly,  to  distinct 
formations  analogous  to  those  in  England  and  Germany. 
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ignigenous  formations  of  the  present  <lay*.  It  has  even 
been  remarked,  that  a  difference  appears  to  subsist  between 
the  volcanic  rocks  in  the  Vicentin  of  anterior  date  to  the 
scaglia,  corresponding  to  their  respective  agesf;  the  dykes 
which  penetrate  the  older  formations  producing  a  greater 
hardening,  and  in  general  a  more  marked  alteration  in  the 
part  contiguous  to  it,  than  those  which  traverse  the  more 
modem.  I  do  not  however  believe  that  this  remark  can  be 
generalized,  for  the  effects  of  dykes  on  the  adjoining  surfaces 
of  the  rocks  they  traverse  are  nowhere  more  marked  than  at 
the  Giant^s  Causeway,  where  they  are  at  least  as  modem  as 
the  chalk. 

I  shall  therefore  omit  all  mention  of  the  older  formations 
of  the  sanre  description  found  in  this  country,  and  content 
myself  with  comparing  together  the  trap  rocks  associated  with 
the  scaglia,  and  the  volcanic  tuff  which  accompanies  the  te]> 
tiary  beds  that  rest  upon  it. 

Near  Schio,  north  of  Vicenza,  the  scaglia  occupies  the 
lowest  part  of  the  valley  of  Cengiette,  and  rises  to  a  consider- 
able distance  on  the  hills  of  either  side.  At  the  hill  of  Bel- 
monte,  a  rivulet  exposes  five  stratiform  masses  of  basalt,  often 
changed  by  decomposition  into  wacke,  which  I  am  disposed 
to  consider,  with  Dr.  Bou^,  as  dykes  parallel  to  the  stratifi- 
cation of  the  chalk.  Dykes  of  basalt  are  also  frequently  seen 
traversing  this  formation,  at  Chiampo,  Valdagno,  and  Magre, 
but  not  altering  the  adjacent  rock ;  the  external  portion  of 
the  dyke  is  frequently  so  much  decomposed  as  to  be  con- 
verted into  a  sort  of  clay. 

Above  this  is  a  thick  and  extensive  formation  of  green- 
stone porphyry,  or  porphyritic  augite  rock,  which  the  Abbe 
Maraschini  sets  down  as  corresponding  with  the  trachyte  of 
the  Euganean  hills.  It  lies  in  a  sort  of  basin,  filling  up  all 
the  pre-existing  hollows  between  the  older  rocks.  Thus  in 
some  places  it  rests  immediately  on  chalk,  and  in  others  on 
rocks  of  an  older  date. 

This  porphyry  has  generally  a  claystone  base  with  crystals 
of  augite  disseminated.  It  is  of  various  shades  of  brown, 
with  reddish  or  greyish  spots,  sometimes  more  or  less  vitreous 

*  See  Maraschini  in  the  work  above  quoted,  p.  130. 
t  Maraschini. 
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in  Ha  iracture,  passing  even  into  pitchstone  or  obsidian  por- 
(ribyiy.  It  is  generally  very  tough,  but  where  it  has  under- 
gone decomposition^  has  passed  into  the  state  of  kaolin. 

The  most  remarkable  circumstance  attending  it  is  its  con- 
taining veins  of  metallic  matter,  for  we  do  not  usually  find  the 
latter  accompanying  rocks  of  a  volcanic  nature,  or  of  a  date 
80  recent  as  that  which  must  be  assigned  to  a  formation 
covering  the  scaglia.  Near  Schio,  where  its  superposition  is 
distinctly  seen,  the  porphyry  is  penetrated  by  veins  of  blende, 
galena,  arsenical  pyrites,  sulphate^  carbonate,  molybdate,  and 
(according  to  Professor  Catullo)  chromate  of  lead^  accom- 
panied with  quartz  crystals,  calcareous  spar,  sulphate  of 
barytes,  and  manganesian  epidote  *.  The  upper  part  of  this 
formation  becomes  amygdaloidal,  containing  cells  which  are 
for  the  most  part  filled  with  calcareous  spar,  chalcedony,  and 
various  species  of  zeolites.  The  preceding  rocks  are  covered 
with  numerous  alternations  of  calcareous  with  brecciated  or 
tufaceous  deposits. 

The  former  are  regarded  as  tertiary,  from  the  occurrence 
of  nummulites  and  other  shells  enumerated  by  Brongniart  in 
bis  Memoir  on  the  Yicentinf;  the  latter  are  made  up  of  firag- 
ments  not  only  of  basalt,  but  also  of  volcanic  sand  and  scori- 
form  lava,  thus  indicating  the  commencement  of  a  new  order 
<xf  volcanic  products.  The  tuff  is  often  as  fully  charged  with 
shells  as  the  limestone  rock  itself,  abounding  in  nummulites, 
'&C  &c. ;  it  also  contains  large  masses  of  brown  coal,  and  even 
of  ailidfied  wood.  •  In  the  midst  of  the  calcareous  beds  above 
mentioned,  are  some  consisting  of  a  bituminous  slaty  marl 
containing  impressions  of  fish ;  they  occur  at  Monte  Bolca, 
at  Monte  Novale  near  Yaldagno,  and  at  Monte  de  Salzedo. 

At  Monte  Bolca,  the  only  locality  which  I  visited,  the 
Ichthyolite  limestone,  as  it  may  be  called,  rests  upon  a  cal- 
careous rock  with  nummulites,  and  is  covered  by  the  same ; 
whilst  a  deposit  consisting  of  volcanic  tuff  lies  both  under 
and  above  it.  The  alternations  indeed  between  these  two 
dasses  of  deposits  are  often  extremely  numerous ;  at  a  place 
called  Ronca  alone  we  have  in  a  very  short  compass  no  less 

*  Maraschini,  p.  133  et  $eg. 

t  Brongniart  sur  lea  Terrains  calcareo-trappeens  du  Vicentin.    PtLt'iB, 
1823. 
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than  BiXj  but  the  lowest  volcanic  bed  is  not  tufaceous,  coa- 
Bistuig  of  cellular  basalt.  The  occurrence  of  this  substance, 
sometimes  cellular,  sometimeB  amygdaloidal,  and  sometimes 
even  compact,  interstratified  with  the  other  rocks,  renders  the 
Btructure  of  the  Vicentin  less  simple  than  it  would  otherwise 
be  considered,  and  inclines  one  to  think  that  streams  of  lava 
were  thrown  out  during  the  formation  of  the  tufaceous  and 
calcareous  beds. 

The  perfect  condition  in  which  the  impressions  of  fish  are 
found  in  the  rock  of  Monte  Bolca,  their  extraordinary  abun- 
dance, and  the  appearance  which  some  of  them  present  of 
having  perished  in  the  very  act  of  devouring  their  prey, 
seem  to  show  that  the  catastrophe  which  destroyed  them  was 
n  sudden  one,  such  as  might  have  been  brought  about  by  the 
evolution  of  some  of  the  nosioua  gases  exhaled  from  volcanos. 
I  have  myself  observed  the  speedy  extinction  of  life  which 
takes  place,  when  carbonic  acid  is  introduced  into  a  vessel  in 
which  river  fish  of  several  different  kinds  are  collected,  the 
first  operation  of  the  gas  causing  them  to  leap  out  of  the 
water  with  convulsive  energy,  but  in  a  few  seconds  all  mus- 
cular movement  being  suspended,  and  the  fish  without  auy 
further  effort  siiikini;  lifdfss  to  the  bottom  of  the  tub. 

That  the  whole  indeed  of  the  bssaltic,  as  well  as  the  mate- 
rials of  the  tufaceous  rocks  are  referable  to  igneous  action,  no 
one  can  for  a  moment  doubt,  although  Brocchi,  the  first  of 
Italian  geologists,  expressed  himself  in  his  Memoir  on  the 
Val  de  Fassa  with  some  degree  of  besitatisa  on  the  subject*. 
Admitting  even  that  there  are  whole  beds  of  tuff  which 
exhibit  no  traces  of  igneous  action,  yet  these  are  so  associated 
with  others  containing  volcanic  products  of  the  most  un- 
equivocal kind,  that  1  know  not  how  we  are  to  separate  the 
one  from  the  other. 

Even  the  compact  basalt  passes,  at  Monte  Glosso  near 
Bassano,  into  a  vitreous  rock,  which  approximates  to  obsi- 
dian ;  nay,  we  discover  in  the  tuff  itself  at  Chiampo,  lai^ 
detached  masses  of  cellular  lava,  the  cavities  of  which  have 
often  that  glazed  surface  which  so  strongly  indicates  fiision. 
At  the  same  time,  the  presence  of  shells  in  the  tuff  itself, 
*  This  memoir  was  published  muiy  ynrs  ago,  so  that  it  may  not  re- 
prcMitt  bis  later  views. 
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and  its  alternation  with  regular  beds  of  unaltered  shelly  lime- 
stone, prove  that  the  sandy  matter  and  loose  fragments  of 
which  this  aggregate  is  composed  were  originally  deposited 
under  the  surface  of  water,  at  the  period  during  which  the 
calcareous  beds  were  in  the  act  of  forming.  That  the  accu- 
mulation of  the  materials  of  which  the  tuff  consists  was  a 
6low  and  gradual  process,  I  infer,  among  other  reasons,  from 
a  specimen  in  my  possession,  in  which  a  rounded  fragment 
taken  from  one  of  these  beds  is  seen  covered  by  serpulae,  a 
plain  proof  that  the  stone  remained  for  some  time  under  water, 
uncovered  by  any  of  the  matter  which  afterwards  formed 
above  it. 

The  occurrence  therefore  of  beds  of  volcanic  tuff  alterna- 
ting with  strata  of  shelly  limestone,  seems  in  this  instance 
capable  of  explanation,  by  supposing  showers  of  ashes  and 
lapilli  to  have  proceeded  from  some  adjacent  volcano,  which, 
as  they  sunk  to  the  bottom  of  the  water  then  covering  the 
face  of  the  country,  would  become  intermixed  with  the  frag- 
ments washed  down  from  the  adjoining  rocks,  and  be  con- 
solidated like  mud  in  a  stagnant  pool,  acquiring  additional 
consistency  in  proportion  to  the  mass  of  matter  super- 
imposed. 

That  the  volcanic  action  indeed  was  going  on  in  this  very 
spot,  is  proved  by  the  hills  of  cellular  lava,  or  of  basalt,  that 
occur  in  the  midst  of  this  formation ;  and  the  effects  of  these 
operations  upon  the  tuff  itself  may  be  traced  in  the  inclined 
position  of  its  beds,  so  different  from  what  would  occur  in 
a  mass  of  matter  deposited  tranquilly  under  the  surface  of 
water. 

The  structure  of  a  hill  called  Monte^chio  Maggiore  near 
Vicenza  illustrates  this,  as  well  as  some  other  points  on  which 
I  have  been  insisting.  The  rock  is  here  composed  of  tuff, 
having  fragments  of  amygdaloid  disseminated  through  a  paste 
composed  of  wacke.  It  is  remarkable  that  this  paste  con- 
tains no  crystalUne  matter,  though  the  imbedded  portions 
have  their  cells  filled  with  calcareous  spar,  sulphate  of  stron- 
tian,  mesotype,  and  other  minerals  *,     On  the  other  hand,  it 

*  Among  the  Monte  Berici  near  Montecchio  Maggiore,  as  well  as  in  the 
neighbourhood  of  Bassano,  are  found  in  the  cavities  of  a  cellular  volcanic 
rock  those  curious  geodes  containing  water,  which  have  received  the  name 

L  2 


r 


148  NORTHERN  ITALY. 

often  encloses  shells,  which  have  never  yet  been  detected  iu 
the  fragments.  We  may  therefore  fairly  conclude  that  these 
two  sorts  of  rock  were  originally  distinct ;  the  amygdaloid 
having  been  produced  by  some  volcano  antecedent  to  that 
which  gave  rise  to  the  wacke.  The  amygdaloid,  after  being 
thuB  formed  into  a  coherent  stratum  by  the  volcano  at  one 
period,  may  have  been  broken  into  fragments  and  ejected  by 
it  at  another,  like  the  loose  materials  found  so  frequently 
round  the  craters  of  all  active  volcauoe  ;  and  if  a  shower  of 
ashes  occurred  at  the  same  time,  and  had  become  intermixed 
with  the  fragments  which  then  lay  under  the  surface  of  water, 
the  whole  might  have  been  consolidated  into  a  conglomerate, 
possessing  the  appearances  of  the  rock  at  Montecchio. 

The  materials  however  which  compose  this  tuff,  after  being 
thus  made  to  coalesce,  would  seem  to  have  been  brought  into 
a  more  intimate  union  by  some  subsequent  process,  and  the 
entire  mass  must  be  supposed  to  have  been  heaved  up,  and 
thrown  upon  its  edges,  inasmuch  as  the  next  bed  of  limestone 
rather  abuts  against  than  rests  upon  it. 

The  above  imperfect  description  may  perhaps  serve  to  con- 
vey a  general  notion  of  the  geological  features  displayed  in 
this  volcanic  district;  for  a  more  detailed  account  I  must 
refer  to  the  works  of  Strange,  Fortis,  Marzari,  and  especially 
the  later  production  of  tlie  Abb^  Maraschini,  which  has  been 
already  bo  frequently  noticed.  All  modem  writers  concur  in 
attribuUng  to  the  volcanic  formation  of  the  Vicentin  a  ter- 
tiary origin,  and  with  this  idea  the  general  absence  of  craters, 
as  well  as  the  mixed  character  of  the  products,  completely 
accord. 

There  appears  indeed  to  be  only  one  spot  in  which  any 
vestiges  of  a  crater  are  to  be  met  with,  namely,  on  the  summit 
of  tahi/A-oui  agalt*.  Ttity  appear  to  have  been  Imown  and  prized  hy  the 
andents.  Pliny  Oib.  37. 1.  73}  defioes  it  "enbydroc  semper  rotunditatiB 
abaolatK,  in  candore  est  lievia,  sed  ad  motom  fluctnat  intos  in  ed,  velati  m 
ovLb,  liqnor."  Propertiug  Bcema  to  refer  to  it  under  the  Dune  of  "crystal- 
loi  aqaosa,"  "  ajttaUut^itt  suu  ornet  a^ota  numM ;"  and  Claudian  has 
celebrated  the  gem  in  several  epigrams,  for  it  seems  probable  that  he  refers 
to  this  atone,  and  not  to  rock  crptab  containing  water,  aa  in  Ep.  12,  13, 
he  represents  it  ai  globular,  and  in  Ep.  10  ai  coovei : — 
Clauditur  iramunis  conveio  tegmine  rivni, 
Duratiaqoe  vagoa  fons  operitur  aquii. 
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of  a  hill  called  Montebello,  on  the  road  between  Vicenza  and 
Verona. 

But  in  this  case^  the  character  of  the  rocks  that  compose 
the  mountain^  so  far  from  being  basaltic^  is  in  all  respects 
analogous  to  that  of  recent  lavas,  so  that  the  distinction  be- 
tween these  and  the  other  volcanic  products  in  the  neighbour- 
hood is  calculated  to  confirm  our  belief  in  the  non-existence 
of  craters  elsewhere. 

Proofs  of  volcanic  action  are  not  by  any  means  confined  to 
the  immediate  neighbourhood  of  Vicenza — they  are  said  to 
extend  to  Verona  and  to  Brescia,  although  I  have  no  personal 
knowledge  of  the  characters  they  present,  having  been  pre- 
vented, when  in  that  country,  by  the  state  of  the  weather 
from  visiting  them. 

It  is  also  stated,  that  between  the  Lake  Lugano  and  Mag- 
giore,  near  Grantola,  pitchstone  and  claystone  porphyry,  allied 
to  trachyte,  occur.  The  aqueous  origin  of  such  rocks,  although 
asserted  by  Beudant,  is  not  likely  in  the  present  state  of 
science  to  be  admitted ;  but  their  date  is  probably  more  an- 
cient than  that  of  the  rocks  we  have  been  considering. 

Augitic  rocks  (melaphjrres)  are  met  with  indeed  on  the 
borders  both  of  the  lakes  Lugano  and  of  Como ;  they  were  at 
first  pronounced  by  Von  Buch  posterior  to  the  red  quartzife- 
rous  porphyries,  since  they  are  in  some  places  separated  from 
the  bZ  by  their  accompanying  tufisf  which  contain  frag- 
ments  of  red  porphyry ;  and  as  the  conglomerate  of  the  red 
sandstotae  of  San  Martino  contains  fragments  of  red  porphjny, 
but  not  of  the  black  augitic  rock  alluded  to,  which  has  dislo- 
cated and  modified  all  the  secondary  rocks,  he  concluded  that 
the  eruption  of  the  latter  took  place  during  the  tertiary  period. 

Hoffinan  and  Studer,  on  the  contrary,  have  regarded  both 
kinds  of  porphyry  as  contemporaneous,  and  beUeve  them  to 
have  been  ejected  during  the  deposition  of  the  red  sandstone ; 
but  this  difference  of  opinion  may  be  reconciled  by  adopting 
the  later  views  of  Von  Buch,  who  now  considers  that  the  black 
auj^tic  porphyry  of  Lugano  has  been  erupted  at  two  succes- 
sive epochs. 

Lastiy,  on  the  west  of  the  Lago  Maggiore,  near  the  town 
of  Intra,  Mount  Simmolo  is  composed  of  a  trap  rock,  which 
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may  perhaps  be  connected  ivith  the  preceding  volcanic  forma- 

The  above-mentioned  igneous  formations  derive  an  addidoDfil  in- 
terest, from  being  associated  with  those  curious  dolomitic  rocks  re- 
specting which  Von  Buch  has  framed  so  remarkable  a  theory. 

The  difficulty  indeed  of  conceiving  magnesia  to  pervade  an  entire 
rock  BO  intimately  as  is  here  supposed,  and  that  too  without  bein^ 
accompanied  by  any  other  mineral  substance  attributable  like  itself 
to  Gublimution  from  beneath,  ba»  caused  the  theory  in  question  to 
find  but  little  favour  g^encraJly  amongst  chemists,  whilst  geolo^ts 
themselves  arc  embarrassed  by  the  fact,  that  dolomitic  limestone 
occurs  remote  from  volcanic  rocks,  and  that  even  when  in  proximity 
to  them  it  often  alternates  with  limestones  entirely  destitute  of  mag- 
Nevertheless  it  is  our  business  to  report  those  circumstances  that 
■peak  most  strongly  in  support  of  a  theory  upheld  by  so  distiaguiehed 
ft  geologist,  and  nowhere  shall  we  find  facts  more  illustrative  of  the 
view  taken  than  are  presented  in  the  neighbourhood  of  these  Italian 
lakes,  and  in  the  Southern  Tyrol. 

To  quote  an  instance  brought  forward  by  Von  Bueh,  I  may  allude 
to  the  Lake  Lugano,  where  we  observe,  first,  a  limestone  destitute 
of  magnesia,  which,  as  we  follow  it  along  the  lake,  is  found  in  the 
first  place  to  be  travorHd  by  pmall  veins  of  dolomite,  then  to  contain 
crystals  of  the  same  in  small  cavilieB,  nest  to  be  divided  by  numerooB 
fissures,  and  lastly,  all  traces  of  stratification  disappearing,  to  pass 
into  dolomite,  which  becomes  whiter  and  more  granular  the  nearer 
it  approaches  the  spot,  where  it  gives  place  to  augitic  porphyry  mixed 
"With  epidote,  as  at  Campione,  Bissone  and  Rovio*, 

These  dolomitic  rocks,  especially  as  they  occur  in  the  Tyrol,  are 
amongst  the  most  remarkable  geological  objects  that  have  ever  fallen 
under  my  notice.  They  present  themselves  often  in  the  form  of 
isoteted  pyramidal  masses,  many  thousand  feet  in  height,  totally 
destitute  of  etnttification,  of  a  dazzUng  saccharine  whiteness,  and  so 
steep,  that  they  scarcely  appear  fit  to  afford  a  footing  to  the  chamois, 
if  indeed  their  naked  sides,  upon  which  scarcely  a  lichen. can  grow, 
held  out  any  temptation  for  man  or  beast  to  attempt  to  scale  them. 

*  See  a  Memoir  by  Von  Buch,  Ann.  des  Sci.  Nat.  1827,  accompanied 
with  sections  and  Map,  or  De  ta  Beche'a  Views  of  Geological  Fhsnomena. 


151 


CHAPTER  IX. 

CENTRAL  ITALY. 

Central  Italy. — General  structure. — Volcanic  rocks  in  Tuscany— Santa 
Amiata — Radicofani. — ^Thermal  waters  of  St.  Filippo,  &c. — Lagunes 
near  Volterra — Acquapendente — Bolseno— Viterbo — Ronciglione — Bac- 
cano^Lago  di  Bracciano — ^Tolfa. — Neighbourhood  of  Rome. — Alban 
hills. 

Thb  volcanic  phsenomena  of  Ceniral  Italy  are  numerous  and 
interesting,  but  I  know  of  no  detailed  description  of  the  whole 
district  collectively  considered.  My  own  examination  of  it 
was  limited  to  a  rapid  survey  of  a  very  few  localities  during 
one  or  other  of  the  several  journeys  I  have  made  to  the  south 
of  Italy. 

I  must  begin  by  reminding  my  readers  that  a  chain  of 
mountains  of  considerable  altitude,  called  the  Apennines, 
stretches  from  north  to  south  through  the  whole  extent  of 
the  peninsula.  They  are  principally  composed  of  calcareous 
rocks,  which,  though  as  compact  as  the  Silurian  or  carbonife- 
rous limestones  of  £ngland,  are  determined  by  their  fossils  to 
be  of  the  same  age  with  the  chalk.  Associated  with  these 
limestones  are  beds  of  greensand  or  Quadersandstein,  occupy- 
ing a  considerable  extent  of  country. 

Now  on  the  side  of  the  Mediterranean  these  comparatively 
modem  formations  are  seen  resting  on  rocks  regarded  at  the 
time  when  Brocchi  wrote  as  transition  and  primitive.  Not 
so  however  on  the  side  of  the  Adriatic,  for  here  the  older 
formations  seem  wholly  wanting,  and  the  chalk  with  its  ac- 
companying sandstones  are  the  most  ancient  formations 
brought  to  light. 

In  other  respects  a  conformity  exists  between  the  structure 
of  the  eastern  and  western  side  of  the  Italian  peninsula,  for  on 
both  we  observe  a  range  of  hills  mantling  round  the  central 
chain,  but  generally  reaching  an  inferior  elevation,  which 
Brocchi,  who  first  described  them  minutely,  designated  as 
the  Subapennines.    They  consist  of  strata  which  Lyell  has 
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classed  partly  amongst  the  luioceoc,  partly  amongst  the  older 
pliocene,  and  partly  amongst  the  newer  pliocene  roeks  of  the 
tertiary  period.  To  the  mioeeiie  he  refers  the  strata  of  Pied- 
mont; to  the  older  pliocene  those  of  Tuscany  and  the  greater 
part  of  Northern  and  Central  Italy;  to  the  newer  pliocene 
those  about  Naples,  Otranto  and  Calabria. 

Now  it  is  important  to  remark,  that  whilst  volcanic  opera- 
tions appear  to  have  been  very  frequent  on  the  south-western 
range  of  the  Subapennine  hills,  or  at  the  western  base  of  the 
central  chain,  no  vestiges  of  the  kind  are  to  be  found  on  the 
south-eastern  till  we  reach  the  latitude  of  Naples,  parallel  to 
which,  near  the  borders  of  the  Adriatic,  is  the  extinct  \olcano 
of  Mount  Vultur. 

Hoflrnan  suggests  that  this  difference  may  be  connected 
with  the  circumstance,  above  pointed  out,  of  the  non-occur- 
rence of  older  rocks  on  the  Adriatic  side  of  the  peninsula, 
»  feet  which  seems  to  indicate  that  the  uplifting  cause  lay 
nearer  the  surface  on  the  western  declivity  of  the  central 
chain,  and  that  the  greater  thickness  of  the  alpine  limestone 
on  the  opposite  side  controlled  in  a  greater  degree  the  subter- 
ranean expansive  powers. 

Nevertheless  the  destnictive  earthquakes  that  occur  in  many 
parts  of  the  eastern  side  of  the  peninsula,  as  at  Foligno,  Pe- 
rugia, and  throughout  the  Abnizzi,  may  be  regarded  as  indi- 
cations that  the  same  sctjons  are  going  on  oo  this  side  of  the 
central  chain  also,  although  repressed  by  a  greater  superin- 
cumbent mass  of  rock. 

In  Tuscany,  trachytes,  called  by  Brocchi  necrolUei,  compose 
the  hills  of  Santa  Amiata,  and  have  been  observed  to  traverse 
the  Bupracretaceous  beds  near  Volterra  and  Grosseto.  At 
Radicofani,  also  in  the  vicinity  of  the  Monte  Amiata,  and  on 
the  road  between  Florence  and  Rome,  basalt  occurs  iu  mde 
columnar  masses,  covered  by  cellular  and  even  scoriaceous 
deposits;  but  this  too,  though  more  modem  than  the  tertiary 
marl,  is  of  extreme  antiquity,  since  it  is  only  found  capping 
the  summit  of  the  hill,  which  commands  all  the  surrounding 
country,  and  is  said  to  rise  2470  feet  above  the  aea.  What 
countless  ages  then  have  elapsed,  since  this  volcanic  rock 
formed  a  continuous  sheet  over  what  at  the  ^me  it  was  erupted 
must  have  constituted  the  lowest  level  of  this  district  1 
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The  Monte  Amiata  and  its  dependences  appear  to  afford 
the  most  northern  exhibitions  of  Tolcanic  rocks  that  occur  on 
this  side  of  the  Apennines;  but  I  must  not  pass  over  the 
phaenomena  of  the  hot  springs  in  that  immediate  neighbour- 
hood, nor  the  still  more  remarkable  ones  of  the  Lagunes  near 
Volterra,  both  of  which  have  a  manifest  connexion  with  the 
same  cause. 

It  is  my  intention  in  another  part  of  this  work  to  consider 
the  subject  of  thermal  waters,  but  that  which  distinguishes 
those  of  San  Filippo  and  San  Quirico  hard  by,  and  gives  them 
a  claim  to  a  separate  notice^  is  the  vast  amount  of  calcareous 
matter  deposited  by  them  near  the  point  of  their  emission. 

The  warm  springs  of  San  Filippo  gush  out  from  the  Apennine 
limestone^  which  is  here  associated  with  serpentine.  They  contain 
sulphuretted  hydrogen  and  carbonic  acid  gas,  and  deposit  carbonate 
and  sulfate  of  lime  immediately  upon  issuing  from  the  earth.  It  is 
stated  that  a  solid  mass  thirty  feet  thick  has  been  deposited  in  about 
twenty  years  from  the  water  ^hich  supplies  the  Baths  alone,  and  the 
rapidity  with  which  the  earthy  matter  is  thrown  down  from  it  ren- 
ders it  an  excellent  material  for  forming  casts,  when  the  water  is 
allowed  to  drop  into  certain  moulds  nibbed  slightly  over  with  an 
unctuous  substance  to  prevent  adhesion. 

So  great  is  the  quantity  of  earthy  matter  deposited  from  the  waters 
which  flow  down  the  hill,  that  there  has  been  produced  by  them  in 
the  course  of  ages  a  mass  of  travertin  one  mile  and  a  quarter  in 
lengtii  and  the  third  of  a  mile  in  breadth,  with  a  thickness  of  250  feet 
at  the  least,  having  a  concretionary  structure,  which  Mr.  Lyell  com- 
pares to  the  spheroidal  forms  assumed  by  the  magnesian  limestone 
of  Sunderland. 

It  was  interesting  to  remark,  that  sulphur,  although  not  generally 
diffused  through  the  travertin,  existed  in  certain  parts  of  it,  in  distinct 
nests  or  concretions.  Now  as  this  sulphur  is  evidently  derived  from 
the  sulphuretted  hydrogen  which  is  a  constant  product  of  the  hot 
waters,  its  limitation  to  certain  parts  of  ^he  travertin  can  only  be 
explained  by  the  tendency  which  all  bodies  have  to  collect  round 
certain  nuclei,  by  a  sort  of  molecular  attraction,  which  seems  to  act 
at  sensible  distances.  At  any  rate  the  structure  of  the  limestone 
deposit,  and  the  position  of  the  sulphur  which  accompanies  it*  are 
highly  illustrative  of  the  mode  in  which  calcareous  rocks  have  been 
formed  at  aU  ages,  and  in  which  have  been  occasioned  those  vast  ac- 
cumulations of  sulphur  so  strikingly  exemplified  in  Sicily. 
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The  phsenomcna  presented  by  the  Baths  of  Snn  Qui 
Vignone  are  even  more  remarkable,  but  I  mual  refer  to  tlie  excellent 
&ccouDt  given  of  them  in  Mr.  Lyell'e  well-known  work  for  the  par- 
ti culars. 

The  Lagunes  near  Volterra  exhibit  appearances  of  a  more 
imposing  and  still  more  uncommon  nature. 

They  have  been  described  by  Prystanowski  *,  by  Bron- 
gniarttjby  SirThomaaTaDcredj,byDr.Bowring5,byPayen]| 
and  by  others. 

I  visited  the  spot  in  the  year  18>{4,  and  determined  the  nature  of 
the  gasps  which  bubble  up  through  the  water.  The  Lagunes  are 
artificial  pools  of  water,  occasioned  partly  by  the  rains  of  which  they 
are  the  recipients,  and  partly  by  the  draininge  from  the  higher  parts 
of  the  country,  the  contcnta  of  wliicb  are  probably  swelled,  aa  well 
as  heated,  by  the  condensation  of  volumca  of  steam,  which  i»  con- 
tinually finding  its  way  upward:!  through  ficsures  in  the  earth  into 
the  spots  where  the  pools  have  been  made. 

As  the  water  in  these  places  is  raised  nearly  to  the  boiling  tem- 
perature by  the  passage  of  heated  gas  through  it,  the  Lagunes  gene- 
rally emit  a  lofty  column  of  steam,  which  first  arrests  the  traveller's 
attention,  and  has  consequently  led  to  the  adoption  of  the  name 
Fmnacchie,  by  which  they  are  often  designated. 

The  same  pba^nomenon  is  however  observed  in  various  other  spota 
surrounding  the  Lagunes.  especially  along  Ibo  bed  of  a  neighbouring 
rivulet.  The  rock  through  which  the  steam  issues  ia  the  compact 
limestone  of  the  Apennines,  now  referred  to  the  chalk  formation, 
which  here  occurs  in  highly-inclined  strata ;  in  its  immediate  neigh- 
bourhood however,  seipentine  and  diallage  rock,  the  ophitilite  and 
et^hotide  of  Brongniart,  are  largely  developed. 

On  the  road  from  l*omerance  to  the  Lagunes  we  traverse  a  pretty 
lofty  and  extensive  hill  called  Poggio  del  Oahbro,  entirely  composed 
of  ophioUte  charged  with  diallage.  On  our  ascent  we  perceived  at 
the  foot  of  the  hill  the  black  compact  limestone,  then  rolled  masses  of 
ophiolite  and  jasper,  and,  lastly,  ophiolite  in  mass.  Descending  the 
brow  of  Monte  Cerholi  towards  the  south- south- east,  we  first  met 

*  Prystanowbki  (Iber  den  Ursprung  der  Vulksoa  in  Italien,  Berlin  1823. 

t  Annales  des  Mines,  1S3I. 

J  TrEmsactiona  of  the  Aabmolean  Society  of  Oxford. 

^  Bowring,  Parliamentary  Report  on  the  Statistics  of  Tuscany. 

I  Payen,  Annales  de  Chemie.  vol.  i.  3rd  seriei. 
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with  gyp6um«  iHiich  here  appears  to  rest  upon  the  ophioHte,  and  in 
one  place  is  surmounted  by  a  puddingstone  in  thick  and  nearly  hori- 
zcmtal  beds,  composed  of  yarious  sorts  of  rock,  and  particularly  of 
fragments  of  ophiolite.  At  a  further  point  of  the  descent  towards 
the  Lagunes,  we  quit  the  ophiolite,  and  observe  first  euphotide  and 
afterwards  compact  limestone  in  regular  and  numerous  beds,  sepa- 
rated one  from  the  other  by  layers  of  marly  limestone,  which  dip 
under  the  mountain,  and  consequently  underlie  the  euphotide. 

It  is  in  this  limestone  that  the  Lagunes  are  situated.  The  steam 
which  here  rises  from  the  interior  of  the  earth,  carries  up  with  it,  not 
only  carbonic  acid,  sulphuretted  hydrogen,  and  a  mixture  of  nitrogen 
and  oxygen,  ^ith  rather  more  of  the  former  than  is  present  in  atmo- 
q>heric  air,  but  likewise  boracic  acid,  a  product  found  in  no  other 
qwt  of  Europe,  excepting  the  crater  of  the  island  of  Volcano,  where 
also  it  is  accompanied  with  similar  sulphureous  exhalations. 

The  boracic  acid  is  found  not  only  free,  but  also  in  combination 
with  ammonia,  which  latter  base  is  here  given  off  in  considerable 
quantities  from  the  interior  of  the  earth,  and  appears  in  combination 
with  boracic  and  sulphuric  acids.  The  soil  surrounding  these  fu- 
maroles  is  accordingly  covered  with  a  saline  efflorescence,  consisting 
chiefly  of  boracic  acid,  but  likewise  containing  in  smaller  proportion 
certain  ammoniacal  salts,  borate  and  sulphate  of  alumina,  and  per- 
aolphate  of  iron. 

The  presence  of  boracic  acid  in  the  steam  is  conceivable  upon  the 
supposition  that  the  vapour  in  its  passage  upwards  passes  over  de- 
posits of  this  peculiar  substance,  for  experiment  shows  that  steam  will 
carry  up  with  it  boracic  acid  in  a  state  of  mechanical  suspension. 

Dumas  however  has  suggested  a  more  chemical  explanation,  sup- 

^posing  that  a  deposit  of  sulphuret  of  boron  exists  at  a  great  depth, 

and  that  this  coming  into  contact  with  sea- water  gives  rise  to  boracic 

acid  and  sulphuretted  hydrogen,  the  oxygen  of  the  water  uniting  with 

the  boron,  the  hydrogen  with  the  sulphur. 

llie  presence  of  boracic  acid  in  these  vapours  was  first  announced 
in  the  year  1776  by  Hoefer,  and  the  manufacture  of  borax  from  this 
source  was  suggested  about  the  same  time  by  Mascagni.  Nothing 
however  was  done  to  put  it  in  practice  till  several  years  afterwards, 
and  when  at  length  the  water  had  been  evaporated  by  heat  obtained 
by  means  of  ordinary  fuel,  the  quantity  of  boracic  acid  procured  was 
too  small  to  be  a  source  of  profit. 

At  length  in  1817  a  Frenchman,  M.  Larderelle,  conceived  the 

happy  idea  of  applying  the  heat  of  the  superabundant  vapour  itself 

as  the  means  of  evaporating  the  water,  and  at  present,  without  the 

.  assistance  of  fuel,  machines,  or  chemical  materials,  there  is  obtained 
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yearly,  by  the  evaporation  of  eighty  millions  of  kilogrami 
o  produee  of  1 .650.000  lbs.  of  boracic  acid,  which  when  purified 
united  with  soda  forras  a  sufficient  quantity  of  borax  for  the  demanda 
of  nearly  the  whole  of  Europe. 

The  Lngunes  communicate  with  one  another  by  canals,  so  that  the 
water  that  has  become  concentrated  by  the  action  of  the  eteam  in 
the  one  highest  in  the  aeriea  may  be  transferred  by  opening  a  plug' 
to  the  next,  and  so  on  in  auccessiun  to  the  lowest,  from  whence  it  la 
removed  to  leaden  pans  in  which  the  crystallizatiou  of  the  salt  is 
completed. 

The  following  woodcut  will  represent  the  arrangement  of  the  se- 
Teral  Lngunea  hy  means  of  an  imaginary  section  of  the  earth  through 


[>d  and  H 

manda  " 


SiThoit  n/  Iht  Logi 


Crrboli,  nfar  Voltrrro,  Tkicinqr. 
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We  most  not  confound  with  this  phenomenon,  which  appears  to 
be  of  a  truly  volcanic  character,  one  occurring  among  the  tertiary 
rocks  of  the  Modenese,  and  in  other  localities  hereafter  to  be  men- 
tioned, known  under  the  name  of  Salses  or  air-volcanos.  With 
regard  to  that  particular  locality,  I  shall  merely  state  that  it  has  no 
connexion  with  volcanic  operations ;  and  respecting  its  cause,  shall 
defer  my  remarks  until  the  volcanos  of  Sicily  come  before  our  con- 
sideration. 

After  leaving  Radicofani  we  meet  with  no  further  traces  of 
volcanic  action  in  a  southern  direction  till  we  reach  the  neigh- 
bourhood of  Acquapendente,  the  intervening  country  being 
composed  of  marly  beds  belonging  to  the  supracretaceous 
group,  remarkable  for  the  abundance  of  gypsum  which  is  in- 
terstratified  with  them. 

The  town  of  Acquapendente  is  situated  upon  a  precipice 
composed  of  basaltic  rocks,  which  would  seem  to  have  been 
erupted  subsequently  to  the  excavation  of  the  valley,  since 
they  descend  the  hill  in  the  direction  in  which  the  river  Paglia 
flows,  resting  upon  a  volcanic  tuff.  The  basalt  is  rendered 
porphyritic  by  the  presence  of  numerous  crystal^  of  leudte, 
a  mineral  found  abundantly  in  the  extinct  volcanos  of  Italy, 
though  comparatively  of  rare  occurrence  elsewhere.  Von 
Buch  imagines  that  a  certain  degree  of  repose  in  the  mass 
during  the  period  of  cooling  was  necessary  for  its  formation, 
a  condition  indeed  which  favours  the  production  of  all  kinds 
of  crystals  whatsoever. 

Thus,  he  says,  the  streams  of  lava  that  flowed  from  Vesu- 
vius in  1767  and  1777  having  been  received  in  a  nearly  level 
plain  between  the  cone  from  whence  they  issued  and  the 
Monte  Somma,  vrtiere  their  motion  was  very  slow,  contain 
leucite ;  whilst  those  of  1760  and  1794,  which  descended  the 
slope  of  the  mountain  with  greater  velocity,  are  destitute  of 
this  mineral. 

The  same  geologist  has  likewise  pointed  out  certain  facts 
which  show  very  conclusively  that  the  leucite  crystals  are 
contemporaneous  with  their  matrix,  and  not  formed,  as  has 
sometimes  been  supposed,  by  subsequent  infiltration. 

The  rocks  at  Civita  Castelletto  and  Borghetto  contain  a 
number  of  oval  cavities,  all  of  them  elongated  in  the  same 
direction,  as  must  always  happen  in  a  substance  which  dis* 
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engages  elastic  fluids  \i'hilst  its  parts  are  in  progressive 
motion. 

Now  the  leucite  crystals,  when  they  intervene  between  the 
cavities,  retain  their  usual  dodecahedral  figure,  but  where  they 
make  a  part  of  the  walls  of  the  cells,  are  found  to  be  elon- 
gated in  the  same  direction  as  the  latter.  This  last  fact  it  is 
difficult  to  explain,  except  on  the  supposition  that  they  were 
formed  at  the  very  time  the  lava  was  undergoing  consolida- 
tion ;  for,  granting  that  they  had  existed  previously,  it  must 
at  least  be  admitted  that  they  were  elongated  by  the  heat  ap- 
plied, and  in  this  case  their  crystalline  form  would  have  been 
obliterated. 

The  volcanic  tuff  continues  from  Acquapendente  to  the 
Lake  of  Bolseno,  which  has  been  imagined  by  some  to  be  the 
crater  of  an  extinguished  volcano;  and  although  I  am  disposed 
to  question  this,  not  only  from  the  great  size  of  the  lake, 
which  is  more  than  twenty  miles  in  circumference^  but  also 
from  its  form,  which  is  rather  oval  than  circular,  yet  the 
rocks  which  are  scattered  round  its  borders  betray  a  volcanic 
origin. 

Bolseno  itself  stands  upon  an  aggregate  of  scoriae,  rapilli,&c. 
united  into  a  kind  of  loose  conglomerate  which  forms  preci- 
pices overlooking  the  lake.  Clusters  of  basaltic  columns 
however  occur  at  no  great  distance  from  the  town. 

The  modem  city  stands  mouldering  upon  the  ancient  Vol- 
sinium, — ruins,  as  Forsyth  says, built  upon  ruins,  yet  both  from 
its  modem  and  ancient  history  a  place  of  some  interest. 

Volsinium,  it  is  well  known,  was  one  of  the  principal  towns 
of  Etruria,  and  the  analogy  of  the  modem  name  with  the  word 
Vulcan,  especially  according  to  the  old  spelling*,  may  lead  us 
to  imagine  that  it  derived  its  name  from  the  homage  paid  to 
that  god,  originating  in  the  volcanic  phaenomena  which  ex- 
cited the  fears  of  the  earlier  inhabitants.  It  is  curious  that 
the  Volsci,  as  well  as  the  Volsinii,  inhabited  a  volcanic  coun- 

*  The  old  spelliDg  of  the  word  Yulcanus  seeiUB  to  have  been  Bolcanus. 
At  least  there  is  in  the  Vatican  a  Roman  altar  dug  up  at  Ostia  with  an  in- 
scription, BOLCANO.  SAC.  ARA.,  and  at  Tivoli,  in  a  wall  of  an  ancient 
building,  BOLCANO.  AEDES.  REF.  COERAV.  C.  CAEPJO.  L.  F. ;  and 
there  are  many  more  that  run  in  the  same  way.  (See  Sickler,  Ideen  zu 
einem  vulc.  Erd-globus  :  Weimar,  1812.) 
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try*^  and  it  is  known  that  particular  homage  was  paid  to 
Vulcan  all  over  Latiumf. 

Volsinium  therefore  may  have  been  originally  written  Vol- 
canium^,  or  rather  Bolcanium^  as  the  V  and  B  are  easily  con- 
vertible, and  we  may  recognise  the  original  spelling  in  some 
measure  restored  in  the  modem  name  Bolseno.  The  above 
view  however  would  imply  that  volcanic  operations  h^ive  oc- 
curred in  the  country  at  no  very  remote  sera^  and  as  this  is  a 
question  of  importance,  it  would  be  well  if  some  geologist  who 
visited  that  part  of  Italy  would  ascertain  whether  such  can  have 
been  the  case.  Pliny  mentions  that  Volsinium  was  burnt 
down  by  lightning,  a  statement  which  might  possibly  have 
arisen  from  its  having  been  overwhelmed  by  some  neighbour- 
ing volcano  §;  but  of  course  until  it  is  fully  proved  that  there 
was  one  in  action  since  the  foundation  of  Rome,  we  can  have 
no  excuse  for  adopting  such  a  conjecture  ||. 

*  The  Volsci  inhabited  a  country  between  Albano  and  Teiracina,  which 
will  be  shown  afterwards  to  be  volcanic. 

f  See  my  account  of  the  neighbourhood  of  Rome. 

I  Sickler  suggests  that  Volcanus  or  Bolcanus  may  have  been  derived  from 
the  Greek  words  pS>\os,  gleba,  and  KatM,  uro ;  perhaps  ;(atV<»,  hisco,  might 
be  the  more  probable  derivation.  My  learned  friend  Dr.  Pritchard,  the 
author  of  a  work  on  the  Egyptian  Mythology,  has  however  suggested  to 
me  a  Celtic  etymology,  which  h6  thinks  more  probable,  as  many  Oscan 
words  are  derived  from  that  language. 

"  The  Welsh  word  Bwlchau  or  Vulchai/'  he  says,  "  signifies  a  break  in  a 
mountain,  and  probably  a  crater,  from  the  adjective  Bwlch,  broken.  B  is 
mutable  into  V,  and  from  Bwlchau  would  be  formed  a  Latin  word  Vulca, 
whence  Vulcanus." 

§  Livy  mentions  that  the  lake  was  tinged  with  blood,  meaning  probably 
bitumen  (lib.  27)  • 

II  I  have  since  been  favoured  by  the  authoress  of  the  '  Sepulchres  of 
Etniria'  and  other  learned  works  on  the  subject  of  that  country,  with  the 
following  remarks,  which  I  am  happy  to  append,  as  supplying  probably  a 

■  more  correct  view  of  the  etymology  of  Bolseno  than  any  which  my  former 
edition  had  contained  : — 

".  My  idea  of  Bolseno  does  not  at  all  coincide  with  yours,  for  there  is  no 

.  evidence  of  my  people  amongst  their  various  sciences  having  ever  cultivated 
geology.  I  believe  them  to  have  been  Assyrians  in  the  wide  sense  of  that 
term,  modified  by  Egypt,  and  therefore  look  back  to  those  two  countries 
for  the  origin  of  their  language  and  institutions.  I  daily  expect  to  hear 
that  their  language  has  been  traced  in  Lycia,  Caria,  or  some  of  the  many 

*  lands  of  the  arrow-headed  character.  For  this  amongst  other  reasona  I 
believe  all  their  BoU,  or  F^ls,  or  BtU  to  be  the  same,  and  usually  to  have 
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From  Bolseno  to  Rome  volcanic  tuff  constitutes  the  pre- 
vailing iiubstratuin.  Blocks  of  lava  are  however  frequently 
scattered  over  the  level  ground,  as  between  Moiitcfiaacone 
and  Viterbo,  and  Dear  the  latter  is  a  small  lake,  called  i  Buli- 
camiy  which  emits  an  odour  of  Eul[ihuretted  hydrogen,  and 
seems  to  be  in  a  state  of  continual  agitation  from  the  rise  of 
hubbies  of  gas  through  it. 

I  visited  this  spot  in  the  year  1834,  and  found  the  tempe- 
rature of  the  water  to  he  rather  above  80"^,  and  the  gas  to 
consist  chiefly  of  carbonic  acid  with  a  slight  admixture  of  sul- 
phuretted hydrogen  and  of  common  air. 

Yiterbo  itself  stands  at  the  foot  of  a  steep  hill  called  the 
Monte  Cimini,  the  Mons  Ciminius  of  the  ancients.  Up  to  r 
certain  point  the  hill  is  composed  of  trachyte,  but  as  we  ascead 
we  at  length  meet  with  beds  of  tuff,  which  appear  to  have 
been  ejected  from  an  extinct  crater  occupying  the  summit  of 
the  mountain,  and  now  converted  into  a  lake,  called  the  Lake 
of  Vice. 

This  crater  is  perfectly  circular,  but  from  the  midst  of  it 
rises  a  little  conical  hill,  clothed  with  trees,  the  constitutioo 
of  which  I  did  not  stop  to  examine.  It  would  be  important 
to  ascertain  whether,  like  the  cone  hereafter  to  be  described, 
which  protrudes  from  the  midst  of  the  crater  of  Rocca  Mon- 
fina,  it  is  composed  of  trachyte. 

reftreiKetoba,'Loid,'or'Suii.'  The  god  £«II  donbt  oot  wm  often  Fire ; 
henc«  Vulcan,  the  ton  of  Jopiter.  Jupiter  wu  the  Sun — the  God  of 
HeMcn.  But  Vulcan  in  Etnucan  wa«  Sethlao,  not  Bel.  He  Gicdu 
wrote  the  city  of  Vultinis  OvoXirulncir.  He  Raseiia  inscribed  it  on  their 
coini  F.  L.  S.  V.  N.  A.,  written  frotn  right  to  left  The  Andent  History 
taniB  this  into  ftt  'm,  or  '  tribe  of  mechaaics,'  because  the  people  were  ex- 
cellent artisani,  and  celebrated  for  their  works  in  bronze.  I  ask  more  in- 
clined to  believe  that  they  were  nt  ^n, '  the  nechanica  of  Bel.'  We  have 
many  incidental  proofs  in  L«tin  tranalationB  that  the  Etmacans  aspirated, 
and  spoke  a  dialect  of  some  purer  tongue.  I  believe  that  they  egyptianized 
Assyrian.  The  ancient  and  famous  city  of  Felsuna  was  on  a  b«ght,  and 
not  in  ita  present  situation.  I  believe  that  the  whole  region  was  volcanic, 
bnt  that  no  volcano  has  been  in  action  since  the  foundation  of  Rome, — 
pethaps  1  should  rather  say  not  more  in  action  than  to  produce  such 
changes  aa  the  risiug  of  a  lake  (ex.  Alba) — the  darkening  of  the  air — the 
■absidence  of  an  island,  &c.  Many  such  gradual  changes  have  taken  place 
all  over  £tmria,  and  what  was  once  lake  is  now  marah — as  Uie  Vadinonian 
Sea,  the  territory  all  round  Viterbo,  &c." 
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Some  traditions  exist  in  ancient  writers  as  to  the  lake 
having  been  caused  by  a  sudden  sinking  of  the  earth,  in  proof 
of  which  it  is  said,  that  the  ruins  of  a  town  (Succinium,  accord- 
ing to  Ammianus)  that  formerly  existed  on  this  site  might  be 
seen  at  the  bottom  of  the  lake  when  the  water  was  clear. 
These  accounts  however  I  take  to  be  apocryphal*. 

At  Ronciglione  the  strata  of  tuff  are  cut  very  deeply  by  the 
action  of  water,  forming  a  steep  and  narrow  valley,  highly 
illustrative  of  the  antiquity  of  this  deposit ;  but  as  we  proceed 
towards  Rome  we  meet  with  a  stream  of  lava,  hard,  compact, 
dark-coloured  and  basaltic,  though  occasionally  cellular,  which 
is  evidently  of  more  modern  date,  since  it  follows  the  inclina- 
tion of  the  valley,  and  may  be  traced  to  a  distinct  crater  on  a 
mountain  contiguous,  the  Monte  Rossi.  This  frater  is  now 
converted,  like  the  preceding  one,  into  a  lake. 

Lastly,  on  entering  the  Campagna  we  may  observe  at  Bac- 
cano,  the  first  post  from  Rome,  a  distinct  and  well-marked 
crater,  containing  within  it  a  small  lake. 

Such  then  are  the  volcanic  phsenomena  that  meet  our  eye 
on  the  direct  road  from  Florence  to  Rome,  but  it  must  of 
course  be  expected  that  the  country  on  either  side  should 
present  similar  indications. 

Not  far  indeed  to  the  west  of  Baccano  occurs  a  large  lake, 
called  of  old  the  Lacus  Sabatinus,  from  an  £truscan  city  Sa- 
bate,  built  upon  its  borders,  but  now  known  by  the  name  of 
the  Lago  di  Bracciano. 

It  is  of  a  circular  form,  twenty-two  miles  in  circumference, 
and  being  surrounded  with  volcanic  sand,  pumice  and  rapilli, 
with  fragments  of  augite,  leucite  and  titaniferous  iron,  is  re- 
garded as  the  crater  of  an  extinct  volcano. 

Two  smaller  lakes  which  present  the  same  characters,  called 
Martignano  and  Stracciocappa,  intervene  betwixt  it  and  Bac- 
cano. 

Basaltic  lava  containing  crystals  of  leucite  crowns  the 
heights  of  Trevignano  and  other  hills  in  the  neighbourhood. 
It  is  stated  by  Brocchi  to  be  identical  with  the  volcanic  pro- 

*  The  same  tradition  existed  in  ancient  times  respecting  the  Lake  of 
Bracciano,  probably  on  equally  slight  grounds. — Cluverius^  lib.  ii.  cap.  iii. 
p.  523. 

U 
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ductioDS  of  the  Alban  and  Tusculan  hills,  a  fact  which  deserves 
to  be  investigated,  as  tending,  if  it  were  established,  either 
do  R«ay  with  the  distinction  between  the  volcanic  prodi 
of  the  country  north  and  south  of  Rome,  or  to  prove  that 
rocks  about  Bracciaiio  were  formed  in  a  different 
those  of  its  immediate  neighbourhood. 

As  we  proceed  westward  from  the  Lake  of  Bracciano  in  the 
direction  of  the  sea,  we  meet  with  trachytic  rocks  in  various 
places,  forming  hills  which  rise  above  the  volcanic  tuff  already 
mentioned  as  overspreading  the  plains. 

One  of  these  hills  is  called  La  Tolfa,  a  spot  celebrated  for 
theproductionof  Roman  alum,  which,  from  the  time  of  its  dis- 
cover)- there  by  John  de  Castro,  a  Greek  refugee,  continued 
to  secure  the^preferencc  in  the  market  for  all  pnr])oscs  of  the 
arts,  until  the  advance  of  modern  chemistry  enabled  us  to 
obtain  the  same  material  artificially  in  a  more  (economical 
manner. 

Tht  production  of  alum  at  La  Tolfa  is  to  be  explained  by  the  con- 
tinual rise  of  sulphureous  vapours  through  the  rocks,  as  will  be  more 
fully  pointed  out  when  we  come  to  speak  of  tlie  Solfntsra  near  Na. 
plee.  Where  not  acted  ui>on  by  these  gases,  tbe  rock  of  La  Tolfa  is 
a  trachyte  of  a  reddish  colour,  containing  bright  and  gliateniiig  cry- 
stals of  felspar,  acid  a  few  scales  of  mica  dissenitnnted  through  it ; 
but  in  general,  from  the  decomposition  caused  by  these  acid  vapours, 
it  is  greyish,  sprinkled  over  with  white  opake  spots  of  an  earthy  ap- 
pearance, and  containing  specks  of  pyrites.  It  is  in  :kct  impregnated 
with  the  mineral  called  alumiuite,  which,  as  has  been  stated  before, 
is  a  compound  of  alum  united  with  hydrate  of  alumina.  To  convert 
this  into  crystallizable  alum,  no  alkali  need  be  added,  all  that  is  ne- 
cessary  being  to  expose  the  mineral  to  a  heat  sufficient  to  drive  off 
the  water  in  combination  with  the  alumina,  which  latter  earth  be- 
comes in  consequence  insoluble  in  water.  The  heated  mass  then 
being  treated  with  Water,  the  alum  is  taken  up,  whilst  the  uncom- 
bined  alumina  remains  unaffected. 

I  regret  being  unable  to  add  anything  from  personal  ob- 
servation with  respect  to  these  interesting  localities,  the  state 
of  the  weather  during  both  the  visits  I  paid  to  this  part  of 
Italy  having  been  such  as  to  prevent  me  from  extending  my 
researches  beyond  the  immediate  line  of  my  route. 

The  same  cause  also  contributed  to  circumscribe  my  excur- 
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sions  in  the  neighbourhood  of  Rome  during  the  stay  which  in 
the  year  1823  I  made  in  that  city,  where  indeed,  it  must  be 
confessed,  the  traveller,  surrounded  as  he  is  by  antiquities  of 
such  extreme  classical  interest,  can  hardly  help  being  fre- 
quently called  away  from  subjects  of  scientific  inquiry*.  It 
has  been  said,  that  what  Vesuvius  is  to  Naples,  the  Coliseum 
and  St.  Peter's  are  to  Rome ;  and  as  the  scholar  almost  ne- 
cessarily imbibes  somewhat  of  the  spirit  of^  naturalist  during 
his  stay  in  the  former  city,  from  his  attention  being  so  fre- 
quently directed  to  the  movements  of  the  volcano ;  so  it  is 
equally  to  be  supposed  that  the  study  of  nature  will  give  place 
to  that  of  art,  whilst  we  are  in  the  midst  of  the  monuments  of 
Roman  taste  and  magnificence. 

I  saw  enough  however  of  the  physical  structure  of  the 
neighbourhood  to  be  persuaded,  that  the  interpretation  which 
Breislacf  has  put  upon  some  well-known  fables  or  traditions 

*  I  have  corrected  and  enlarged  the  brief  sketch  of  the  neighbourhood 
of  Rome,  which  my  own  observations  had  chiefly  enabled  me  to  supply  in 
the  first  edition  of  this  work,  by  reference  to  Frederic  Hoffman's  E^ay 
appended  to  Bunsen's  '  Beschreibung  der  Stadt  Rom/  a  paper  of  his  on 
the  Alban  Hills  translated  in  Jameson's  Journal  for  1832,  a  Memoir  in  the 
same  Journal  for  1833,  and  Sir  W.  Gell's  'Topography  of  Rome.' 

t  Breislac,  in  proof  of  his  opinion  as  to  the  existence  of  volcanos  on  the 
site  of  Rome,  appeals  to  the  worship  especially  paid  to  Vulcan,  whose 
temple,  according  to  Plutarch  and  Dionysius  of  Halicarnassus,  overlooked 
the  Forum.  This  spot  he  supposes  to  have  been  affected  by  the  same  agent 
even  subsequently  to  the  foundation  of  the  city,  for  the  chasm  in  the  midst 
of  the  Forum,  into  which  Marcus  Curtius  precipitated  himself,  was  proba- 
bly caused,  if  we  believe  our  author,  by  volcanic  action. 

The  principal  crater  he  supposes  to  have  existed  in  the  circular  space 
between  the  two  summits  of  the  Aventine,  where  the  church  of  St.  Balbina 
now  stands,  and  the  fable  of  Cacus,  whose  cave  stood  on  this  hill,  furnishes 
him  with  a  confirmation  of  this  opinion. 

The  description  given  by  Virgil  of  this  mountain  applies  very  well  to  the 
picture  of  the  phaenomena  of  a  volcano : — 

Huic  monstro  Vulcanus  erat  pater.     lUius  atros 
Ore  voroens  ignee,  magn&  se  mole  ferebat. 


Faucibus  ingentem  fumum,  mirabile  dictu, 

Evomit,  involvitque  domum  caligine  cecA, 

Prospectum  eripiens  oculis ;  glomeratque  sub  antro 

Fumiferam  noctem,  commixtis  igne  tenebris.  And 

M  2 
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handed  down  to  us  by  ancient  writers,  in  proof  of  his  idea 
that  ancient  Rome  occupied  the  site  of  a  volcano,  is  altogether 
untenable,  and  that  his  assertion  aa  to  the  Capitol  of  the  eter- 
nal chy—"  Capiioli  immobile  saxntn" — having  been  erected 
on  the  tottering  edge  of  a  crater,  however  well-suited  it  may 
be  to  point  an  antithesis,  or  to  illustrate  the  vanity  of  human 
pretensions,  rests  on  too  slender  grounds  to  deserve  a  place  in 
a  scientific  treatise. 

The  soil  of  Rome,  as  an  eminent  Italian  geologist*  has 
since  fully  proved,  is  in  reality  composed  of  an  alternation  of 
sandy  or  calcareous  beds,  with  a  tuff  containing  fragments  of 
scoriform  as  well  as  compact  lava,  often  rolled,  and  accom- 
pnnied  likewise  with  pebbles  of  the  Apenniue  limestone, 
that  display  evident  marks  of  attrition.  There  ia  however 
no  proof  that  these  fragments  of  lava  were  ejected  by  any 
volcano  which  occupied  the  immediate  site  of  Rome ;  on  the 
contrary,  the  nearest  spot  from  which  we  can  suppose  them 
to  be  derived  Is  the  Lake  of  Albano,  more  than  twelve  miles 
distant. 

And  hia  uxouut  of  the  cave  corresponds  equally  with  the  idea  nf  a 

At  BpecuE  et  Cac]  detecta  appacult  ingenB 
Regia,  et  umbrosce  penitUB  patu^re  caveniK. 
Non  secus  ac  si  qu&  penitua  vi  terra  dehiacena 
tofeniBB  Tcaeret  aedee,  et  regoa  recludat 
Pallida,  E)Ib  iovisa,  auperque  immane  barathrum 
Ceroatur,  tTepidentque  iminisM)  lumioe  Maaea. 
Viri^l  alao  mentions  a  tradition  respecting  the  Capitolioe  hill,  which 
Breislac  coii<rerta  into  an  allegorical  representation  of  volcanic   phvno- 

Hioc  ad  Tarpeiam  sedem  et  Capitolia  ducit, 
Aurea  nunc,  olim  ailveatribua  horrida  dumia. 
Jam  turn  religio  pavidoa  terrebat  agrestea 
Dira  loci ;  jam  tum  gtlvam  uucumque  tremebant. 
Hoc  nemua,  hunc,  inquit,  frondoso  vertice  collem. 
Quia  deus,  incertnm  est,  habitat  deoa ;  Arcadea  ipsnin 
Credunt  ae  vidiaae  Jovem,  quum  sape  nigroatem 
£gida  concuteret  deitrft,  nimboaque  cieret. 
It  is  ■  pity  that  so  many  ingenious  analogies  should  be  thrown  away,  but 

the  existence  of  a  volcano  on  the  spots  alluded  to  is  quite  irreconcilable  with 

their  know  a  physical  structure. 
*  Brocchi,  Suolo  di  Koma,  1S30. 
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But  the  difTerences  of  mineralogical  character  between  the 
volcanic  rocks  of  the  Alban  hills  and  those  found  about  Rome 
itself^  oblige  us  to  abandon  the  idea  that  the  latter  can  have 
been  derived  from  the  same  quarter.  The  hills  in  the  imme- 
diate vicinity  of  that  city  consist  of  that  aggregate  of  volcanic 
materials  which  all  are  agreed  to  designate  as  tuff,  whilst  the 
neighbourhood  of  Albano  is  constituted  of  a  material  which 
the  Italian  geologists  have  chosen  to  mark  as  a  separate  rock 
under  the  name  of  Peperino*.  It  is  easy,  says  Von  Buchfi 
to  distinguish  these  two  substances ;  in  Peperino  nearly  the 
whole  mass  is  fresh,  undecomposed,  and  bright  to  the  eye, 
whereas  in  Tuff  the  greater  part  is  dull  and  appears  weathered. 
The  former  resembles  a  porphyry,  the  latter  a  sandstone  and 
other  similar  aggregates.  The  substance  of  which  Peperino 
consists  preserves  almost  uniformly  an  ash-grey  colour,  but 
the  Tuff  of  Rome  is  generally  darker.  With  respect  to  its 
fracture  too,  Peperino  is  less  friable  than  Tuff,  and  the  mica, 
whether  it  be  distributed  over  it  in  detached  plates,  or  is  col- 
lected into  masses  which  are  of  various  sizes,  sometimes  as 
large  as  a  cannon-ball,  and  are  mixed  with  crystals  of  augite 
and  magnetic  ironstone,  ever  preserves  its  original  black  co- 
lour and  lustre,  which  is  not  the  case  in  the  Tuff. 

A  still  more  marked  difference  perhaps  between  the  two 
formations  is  the  entire  absence  of  pumice  from  the  neigh- 
bourhood of  Albano,  although  so  frequent  in  the  tuff  about 
Rome. 

The  latter  therefore  seems  with  more  probability  referable 
to  the  chain  of  volcanic  mountains  north  of  Rome,  already 
described  under  the  name  of  the  Monte  Cimini,  since  we  find 
on  the  slope  of  these  hills  similarly  constituted  beds,  to  which 
indeed,  according  to  Brocchi,  the  tuff  of  Rome  may  be  traced 
without  interruption. 

The  characters  of  this  rock  in  both  localities  correspond 
with  those  of  the  tuff  of  Auvergne  and  of  the  Vicentin,  rolled 
masses  and  shells  being  occasionally  found  in  it ;  so  that,  al- 
though the  materials  of  which  the  aggregate  is  composed  are 
chiefly  volcanic,  the  rock  itself  betrays  marks  of  a  mechanical 

*  See  Brocchi,  Catalogo  Ragionato,  passim, 

t  Reise  darch  Deutschland  und  Italien,  Berlin  \B09,  vol.  ii«  p.  70. 
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origin.  Like  the  tut!s  berorc  noticed,  it  contains  mica,  augite 
and  felspar,  but  is  distinguished  trom  them  by  the  presence 
of  leucite,  which  rarely  however  preser\ea  its  Instre  and  cry- 
Btallization,  but  h  generally  more  or  leas  decomposed  and  of  a 
mealy  consistence. 

Broccbi'  ilistiaguiBlieB  two  principal  varieties  of  this  tuflf — Iithoide, 
found  at  the  Capitoline  antl  Ibe  Esquiline  bills,  and  granular,  met 
with  on  the  Pincian  and  Quirinal. 

Llthoide  tuff  is  generally  of  a  reddish'brown  colour,  witli  specks 
of  a  darker  or  orange  lint  derived  from  frag^enta  of  scoriform  lava, 
approaching  in  texture  to  pumice.  Its  fracture  is  earthy  in  the 
small,  conchoidal  in  the  great,  and  its  hardness  sufficient  for  a  build- 
ing-stone, for  which  purpose  it  was  employed  by  the  ancient  Romans. 
It  appears  to  he  the  lapis  quadratus  employed  in  paving  the  streets 
and  in  the  construction  of  bouses  during  the  early  times  of  the  com- 
tnoQweolth.  The  Cloaca  Maxima  is  built  of  it,  as  is  part  of  the 
under-atructure  of  the  Tabulariuni  of  the  Capitol. 

Gmnular  tuff,  on  the  contrary,  is  generally  of  a  blackish -brown, 
dark  violet,  or  russety  yellow  colour.  It  is  light,  friable,  and  com- 
posed of  largish  grains,  weakly  cohering,  having  white  specks  of 
mealy  leucite  disseminated  over  the  mass,  together  with  fragments 
of  augite,  scales  of  mica,  and  rolled  pebbles  of  grey  or  black  lava. 
It  is  in  short  nothing  but  an  aggregate  of  lapilli,  and  by  its  decom- 
position it  gives  rise  to  the  only  other  variety,  which  is  distinguished 
by  Brocchi  under  the  name  of  earthy  tuff. 

The  origin  of  all  this  formation  must  have  been  antecedent  to  the 
draining  off  of  the  waters  which  formerly  rendered  the  site  of  Rome 
a  freshwater  lake.  This  is  evinced,  not  only  from  the  valleys  hy 
which  its  once  continuous  beds  are  at  present  intersected,  hut  like- 
wise from  the  Neptunian  deposits  with  which  it  is  seen  repeatedly 
to  alternate.  The  principal  of  these  is  either  a  sandy  marl  contain- 
ing fragments  of  older  rocks,  or  that  calcareous  deposit  known  under 
the  name  of  Tihurtine  or  travertine  stone,  so  called  from  its  being 
found  at  HvoU,  the  ancient  Tihur,  which  has  furnished  the  material 
for  most  of  the  edifices  of  ancient  as  well  an  modem  Rome. 

The  principal  masses  of  this  curious  limestone  lie  in  horizontal 
beds,  have  a  yellowish- white  colour,  uneven  fracture,  and  earthy 
grain.  They  are  remarkable  for  the  numerous  perforations  and 
cavities  which  pervade  their  mass,  sometimes  tubular,  arising  from 
stems  of  plants,  &c.  which  have  decayed  ;  sometimes  irregular,  occa- 

*  Suolo  di  Roma. 
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sioned  probably  by  the  escape  of  gaseous  matter  through  them.  They 
also  are  frequently  moulded  into  a  series  of  spheroidal  concretions, 
with  concentric  coats  varying  in  size  from  that  of  a  pea  to  several 
feet  in  diameter,  as  is  well  explained  by  Mr.  Lyell*. 

This  rock,  it  may  be  observed,  is  not  produced  by  the  waters  of 
the  Tiber  at  the  present  moment,  but  we  have  ocular  proof  of  the 
manner  of  its  formation  in  the  Lago  di  Solfatara,  near  Tivoli,  where 
the  same  process  is  constantly  going  on.  The  water  is  there  im- 
pregnated with  sulphuretted  hydrogen  and  carbonic  acid  gases,  which 
rise  up  in  bubbles  through  it,  and  to  the  presence  of  the  latter  sub- 
stance it  owes  its  property  of  dissolving  calcareous  earth,  which  is 
again  deposited  round  the  lake  in  the  form  of  travertine,  in  proportion 
as  the  carbonic  acid  escapes. 

The  same  process  appears  to  have  taken  place  formerly  on  a  much 
more  extensive  scale  in  the  neighbourhood  of  Rome,  and,  if  we  are 
disposed  to  theorize,  we  may  attribute  it  to  a  more  abundant  disen- 
gagement of  these  two  gases  at  a  period  not  so  far  removed  from  that 
at  which  the  volcanos  of  the  neighbouring  country  were  in  activity. 
For  it  will  be  seen  as  we  proceed,  that  the  extrication  of  elastic  fluids, 
of  which  sulphuretted  hydrogen  and  carbonic  acid  are  the  most  com- 
mon, takes  place  round  the  site  of  a  volcano  long  after  the  cessation 
of  its  more  violent  action,  so  that  there  is  no  absurdity  in  supposing 
that  the  same  operations,  which  when  in  their  greatest  intensity  pro- 
duced the  materials  of  the  volcanic  tuff  itself,  may  during  the  periods 
of  their  partial  intermittence  have  given  rise  to  these  gaseous  exha- 
lations, which  imparted  to  water  impregnated  with  them  their  pro- 
perty of  dissolving  calcareous  matter ;  nor  will  analogies  be  wanting 
to  support  us,  if  we  assume  that  a  feeble  remnant  of  the  same  action 
even  at  this  distance  of  time  continues,  and  manifests  itself  in  the 
sulphureous  exhalations  near  Tivoli. 

It  would  appear,  that  these  indications  (if  they  may  be  so  consi- 
dered) of  languid  volcanic  action  were  more  extensively  distributed 
about  the  neighbourhood  at  earlier  times  than  at  the  present.  Thus 
Varro  makes  mention  of  warm  baths  near  the  temple  of  Janus,  whence 
the  spot  obtained  the  name  of  Lautola  **  d.  Lavando ; "  a  spot  on  the 
Esquiline  hill  was  called  Puticula,  from  the  sulphureous  smell  which 
it  emitted ;  the  legend,  if  it  be  no  more,  of  the  leaping  of  Curtius 
into  the  gulf,  at  least  shows  that  the  early  Romans  were  familiar  with 
phsenomena  to  which  a  volcanic  origin  may  probably  be  ascribed ; 
and  the  wood  consecrated  to  the  goddess  Mephitis  renders  it  pro- 
bable that  a  noxious  gas  arose  from  that  place.    All  these  have  now 

♦  Principles  of  Geology,  vol.  i.  p.  208. 
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ceased,  and  notbiiig  rcmiiiua  but  the  La^  dc  SolfELtara  to  remind  us 

of  their  existence. 

It  is  remarkable  that  no  kind  of  animal  is  seen  near  this  water,  a 
circumstance  which  can  only  be  attributed  to  the  noiioua  qualities 
of  the  sulphuretted  hydrogen,  for  the  L«go  de  Tartaro  near,  so  well 
known  for  ita  calcareous  incruBtatioua,  contains  abundance  of  mol- 
luscEe.  Shells  are  alfo  in  general  rare  ia  the  ancient  travertine  near 
Rome,  although  they  occur  abundantly  in  a  few  localities. 

The  existence  of  inavses  of  this  latter  Eubstance  on  the  very  sum- 
mits of  the  Seven  Hills  proves,  thnt  at  the  period  of  its  formation  the 
site  of  Home  must  have  been  covered  with  water  to  the  depth  of  at 
least  140  feet. 

From  the  character  of  the  shells  sometimes  coDtoiiicd  in  tjie  tra- 
vertine, as  well  as  in  the  argillaceous  and  calcareous  sand,  shells 
which  Brocchi  has  ascertained  to  belong  to  existing  apecies,  we  may 
conclude  that  the  water  which  deposited  it  was  not  impregnated  with 
salt,  and  are  consequently  enabled  to  fi\  the  date  of  the  volcanic  tuff 
which  accompanies  these  Neptunian  deposits,  as  corresponding  with 
that  of  the  latest  freshwater  formation, 

One  circumatance  of  considerable  interest  connected  with 
these  deposits  is  the  occurrence  in  them  of  bonea  of  elephants 
and  of  other  land  animals,  as  on  the  Pincian  hill,  on  the  sum- 
mit of  Monte  Verde  covered  with  calcareo- siliceous  sand, 
in  the  Mods  Sacer  at  the  depth  of  thirty  feet,  near  Monte 
Mario  covered  by  travertine  containing  freshwater  shells,  at 
the  foot  of  the  Vatican,  and  in  numerous  other  locahties. 

Thus  the  phienomena  presented  by  these,  the  newest  strata 
in  the  vicinity  of  Rome,  imply  nothing  more  than  the  exist- 
ence on  the  spot  now  occupied  by  the  city  of  a  lake  of  fresh 
water,  contemporaneous  with  the  ejection  of  scorias  and  rapilli 
from  the  volcanic  vents  in  the  neighbourhood. 

Vestigea  of  this  lake  seem  to  have  existed  even  so  late  as 
the  building  of  Rome,  for  that  low  part  of  the  city  bettveen 
the  Aventine,  Palatine  and  Capitoline  hills,  called  the  Vela- 
brum,  was  occupied  by  water,  until  drained  by  the  construc- 
tion of  the  Cloaca  Maxima  in  the  time  of  the  Tarquins.  Thus 
Tibullus— 

At  qui  Velahri  regio  patet,  ire  solebat 
Extguus  pulsl  per  vada  linter  aquft. 

Brocchi  has  however  shown  that  the  beds  above  noticed  rest  upon 
a  formation  sometimes  containing  marine  shells.     It  consists  either 
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of  a  yellow  sandstone  or  of  a  conglomerate,  both  which  are  incumbent 
upon  a  mass  of  bluish  marl,  used  for  pottery  by  the  ancients  *,  and 
found  under  the  Vatican  and  in  other  neighbouring  localities. 

The  chain  of  hills  on  the  right  bank  of  the  Tiber  is  chiefly  com- 
posed of  these  oceanic  deposits,  and  the  Monte  Mario,  the  highest 
point  of  this  range,  contains  numerous  Oysters,  Patellae,  &c.  No 
doubt  it  underlies  the  freshwater  beds  seen  on  the  left  side  of  the 
river. 

The  great  mass  of  volcanic  tuff  near  Rome  rests  immediately  upon 
this  marine  formation,  but  as  it  likewise  alternates  with  the  fresh- 
water beds  incumbent,  it  must  in  this  neighbourhood  be  regarded  as 
a  deposit  from  inland  lakes,  and  not  from  the  bed  of  the  ocean. 

To  the  south  of  Rome  the  whole  of  the  country  for  se- 
veral miles  round  Albano  abounds  in  volcanic  appearances. 
Amongst  the  mountains  in  this  group  are  several  lakes  which 
appear  originally  to  have  been  craters,  as  for  instance  that  of 
Albano,  Vallariccia,  Nemi,  and  Jutuma,  to  which  we  may  add, 
intermediate  between  the  Alban  mountains  and  the  Anio,  the 
Lake  of  Gabii,  noted  for  a  particular  variety  of  Peperino  called 
the  Gabian  stone,  and  the  singular  hexagonal  one  of  Cornu- 
felle,  near  Frascati,  supposed  by  Gell  to  be  the  Lake  Regillus. 

The  Lake  of  Albano,  one  of  the  most  beautiful  pieces  of 
water  in  the  world,  is  about  six  miles  in  circumference,  en- 
tirely surrounded  by  beds  of  the  Peperino  already  described. 
Owing  to  the  Emissario  or  tunnel  by  which  the  waters  were 
partially  carried  off  in  the  time  of  the  Romans  t,  the  level  of 
the  lake  is  now  200  feet  lower  than  it  had  been  antecedently 
to  that  undertaking. 

The  Lake  of  Ariccia  or  Vallariccia  is  a  deep  hollow,  eight 
miles  in  circumference,  situated  about  a  mile  from  Albano, 
which  although  now  dry  was  filled  with  water  so  late  as  the 
time  of  Strabo.  In  proof  that  the  volcanic  action  had  not 
entirely  ceased  even  in  modern  times,  I  may  state  that  Pliny 
mentions  a  report  which  had  reached  him  as  to  the  ground 

♦  "  Et  Vaticano  fragiles  de  monte  patellas." 

t  It  was  cut,  accordiDg  to  Livy  (lib.  v.  c.  15),  by  the  Romaos  during  the 
siege  of  Veii,  in  compliance  with  the  mj unctions  of  an  oracle,  which  as- 
sured them  that  the  city  would  never  be  taken  until  the  lake  had  its  water 
drawn  off. 


)J'0  CENTRAL  ITALY. 

round  the  lake  being  hot  enough  to  set  fire  to  charcoal* ;  and 
Livy  notices  a  Nhower  ol"  atones  that  fell  there,  as  well  as  the 
bursting  out  of  a  warm  spring,  having  its  water  mixed  nith 
blood,  which  Heyne  supposca  to  have  been  bitumen  t- 

There  are  indeed  some  passages  in  ancient  writers,  which 
might  lead  us  to  sup|)osc  a  volcano  to  have  existed  among 
these  mountains  even  at  a  period  within  the  limits  of  authentic 
history,  for  Livy  notices  a  shower  of  stones  which  continued 
for  two  entire  days  trom  Mount  Albano  during  the  second 
Punic  wari,  and  Juhus  Obsequens  in  his  work '  De  Prodigiis' 
remarks,  that  in  the  year  640  A.u.c.  the  hill  appeared  to  be 
on  fire  during  the  night  §. 

There  are  likewise  several  other  traditions  preserved  by 
classical  writers  which  speak  to  the  same  point,  one  of  them 
relating  to  a  king  of  Alba,  Aremulus  Sylvius,  who,  according 
to  some  accounts,  was  precipitated,  together  with  his  palace, 
into  the  Alban  lake  by  an  earth(]uake,  and  according  to  others 
carried  into  it  by  a  whirlwind  after  being  struck  dead  by  a 
thunderbolt  ||. 

These  accounts  indeed,  if  not  confirmed  by  other  testimony, 
might  be  rejected  as  fabulous,  but  they  may  perhaps  suffice  to 
establish  the  compiyatively  modern  date  at  which  the  volcanic 
action  continued,  n  hen  viewed  in  connexion  with  the  physical 
structure  of  the  lake  itself. 

The  quiet  and  aequeat«redLakeofNemi  is  about  three  miles 
beyond  that  of  Aricia,  lying  immediately  under  the  town  of 
Genzano.  The  regularity  of  ita  outline,  and  the  character  of 
the  materials  encircling  it,  which  agree  with  those  of  the  sur- 
rounding country,  impress  upon  the  mind  the  idea  of  its 
having  been  once  a  volcanic  crater,  an  inference  however 
which  is  disputed  by  Hofiman  both  with  regard  to  this  and 
the  other  lakes  of  the  Alban  hills,  for  he  regards  them  all  as 
mere  sinkings  in  the  earth,  on  the  ground  that  the  strata  are 
not  continuous  round  the  margins  of  the  cavity, 

•  Plin.  Hist.  Nat.  lib.  ii.  c.  111. 

t  Hejne,  Opuac.  Acad.  vol.  il.  p.  263. 

X  "Albauo  monte  biduum  coatiaeDter  lapidibUB  pluit."  (lib.  Kxv.  cap.  70 

^  "  Mona  AlbanuB  aocte  ardere  viaus." — Juliua  Obi.  c.  1 10. 

II  Aureliua  Victor  de  Origine  G«ntis  RomaoK. 
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The  Lake  of  Jutuma*  lies  about  six  miles  from  Nemi^  near 
the  foot  of  the  Alban  hills.  There  still  exists  a  fountain^  which 
may  be  the  same  to  which  medicinal  qualities  were  ascribed 
by  the  ancients,  and  a  little  stream  issues  from  it  which  flows 
into  the  Tiber. 

This  however,  and  the  other  lakes  above-mentioned,  if  even 
they  be  considered  as  volcanic  craters,  are  but  the  dependen- 
cies and  offsets,  as  it  were,  of  the  great  extinct  volcano,  the 
traces  of  which  still  remain  upon  the  summit  of  the  Alban 
hills. 

The  configuration  of  this  mountain  reminds  one  much  of 
what  I  shall  have  to  describe  when  speaking  of  the  relations 
of  Vesuvius  to  Monte  Somma.  There  is  an  outer  circle  of 
volcanic  rocks  consisting  of  peperino  which  stretches  in  a 
crescent-form  from  above  Frascati  to  Monte  Porzio,  Rocca 
Priore,  and  Monte  Artemisia.  The  side  fronting  Rome  seems 
to  be  broken  away  and  destroyed.  Within  this  great  inclosure, 
near  the  romantic  site  of  the  village  of  Rocca  di  Papa,  is  an- 
other crater-shaped  cavity,  the  walls  of  which  are  basaltic  and 
constitute  the  heights  of  Monte  Cavo,  the  most  elevated  point 
of  the  Alban  hills,  stated  by  Boscovich  to  be  nearly  3000  feet 
above  the  level  of  the  sea.  This  was  the  eminence  from  which 
Virgil  describes  Juno  as  surveying  the  contending  hosts  of 

•  The  fountain  of  Juturna  is  noticed  by  Servius,  Varro,  and  others, 
the  lake  by  Propertius,  who  records  a  tradition  which  relates  that  the 
Dioscuri,  after  succouring  the  Romans  at  the  battle  of  the  Lake  Regillus, 
quenched  their  horses'  thirst  in  its  waters : — 

Albanusque  lacus  socii  Nemorensis  ab  undft, 
Potaque  PoUucis  nympha  salubris  equo. 

Lib.  iii.  eleg.  20. 

Livy  however  gives  this  honour  to  the  well  of  the  temple  of  Vesta,  in  the 
Forum  at  Rome  itself: — 

On  rode  they  to  the  Forum, 

While  laurel- leaves  and  flowers 
From  house-tops  and  from  windows 

Fell  on  their  crests  like  showers. 
When  they  drew  nigh  to  Vesta, 

They  vaulted  down  amain. 
And  wash'd  their  horses  in  the  well 

That  springs  by  Vesta's  fane. 
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Turmis  and  ^Eneas*,  aad  a  more  commanding  post  could 
iiot  have  been  aelected  for  the  purpose,  embracing  as  it  does 
within  its  ample  horizon  the  whole  expanse  of  the  Campagna, 
w  ith  Rome  io  its  centre,  the  line  of  coast  as  far  as  Civila  Vec- 
chia,  and  the  range  of  the  Sabine  hills. 

The  crater  of  Monte  Ca\'o  also  is  broken  away  on  the  side 
looking  towards  Rome,  but  the  semicircular  form  is  complete 
towards  the  east,  and  the  interior  of  the  cavity  is  occupied  by 
flat  meadows,  supposed  by  some  to  have  been  the  camp  of 
Hannibal,  and  known  at  present  by  that  name. 

Between  the  iimer  and  outer  circus  is  the  valley,  called  by 
Livy  Valiit  Albana,  which  bears  the  same  relation  to  the 
double  crescent  of  hills  bettveeo  which  it  is  placed,  as  the 
Atrio  del  Cavallo  dues  to  the  Moute  Somma  and  the  cone  of 
Vesuvius. 

HofFmiuii-,  in  cunformity  with  the  views  of  Von  fiuch,  suggested 
that  the  outer  crater  of  Mount  Albana,  which,  as  wo  have  aeea,  con< 
siats  wholly  of  peperino,  haa  been  upheaved  from  the  interior  of  the 
earth.  Id  the  same  mFUiner  as  we  have  conceived  the  mountaina  of 
Cantal  luid  of  Mout  Dor  to  have  been  formed,  whilst  the  inner  crater 
be  regards  aa  produced  by  eruptions  of  busaltiforia  i^va,  like  Mount 
Vesuvius  at  the  present  day.  From  the  side  of  the  latter,  looking 
towards  Komc,  npiieur  to  have  proceeded  two  streams  of  luva,  one 
of  which  terminated  on  the  Applan  road  near  the  maueoleum  of  Ck- 
cilia  Metella,  where  it  forms  a  little  rising  ground  called  Capo  di 
Bove,  whilst  the  other  reached  the  road  to  Ardea,  near  Vallerano 
(Villa  Aurclia  >). 

The  former  of  these  coulees  is  usually  compact,  though  small  cells 
and  cavides  are  here  and  there  scattered  over  it,  especially  near  its 
Burfuce.  It  is  very  hard  and  sonorous,  and  appears  to  consist  of  an 
intimate  mixture  of  augite  and  leucite,  either  in  cryatala  or  granular 
masses,  the  former  of  a  bottle-green  colour  passing  into  brown,  the 

Besides  the  above,  tbe  rock  of  the  Capo  di  Bove  contains  several 
other  minerals  which  may  be  regarded  in  the  light  of  accidental  in- 
gredients. 

*  At  Juno  e  sumTDo,  qui  nunc  Albaous  habetur, 

(Turn  Deque  nomen  erat,  ncc  bonos  aut  gloria  moot!) 
ProBpJciens  tuniulo,  carapum  adapectabat,  et  ambns 
Laurentum  Troumque  acies,  urbemque  Latiai. 
t  Edinb.  New  Phil.  Journal.  1832. 
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Amongst  these,  according  to  Brocchi*,  are — ^black  dodecahedral 
crystals  with  rhomboidal  planes,  the  nature  of  which  is  not  deter- 
mined; melilite,  pseudo-nepheline,  mixed  with  which  two  latter 
minerals,  are,  fine  thread-like  crystals  of  a  white  colour,  which  melt 
before  the  blowpipe  into  a  vitreous  or  opake  globule,  emitting  a 
phosphoric  light,  and  which  are  also  caUed  by  Hauy  pseudo-nephe- 
line. 

There  are  moreover  other  needle-shaped  crystals  of  a  brown  coffee 
colour,  or  of  a  lively  red,  which  exposed  to  the  air  lose  their  natural 
colour,  and  become  first  yellow  and  afterwards  white.  Before  the 
blowpipe  they  melt  into  a  blackish  globule,  and  upon  the  whole  are 
regarded  as  the  same  with  some  found  by  Breislact  in  the  crater 
of  the  Solfatara  near  Naples,  which  have  been  named  in  honour  of 
him. 

Brocchi  likewise  has  noticed  nuclei  of  various  sizes  made  up  of  a 
semitransparent  substance,  with  a  lamellar  structure,  greyish  colour 
and  pearly  lustre,  which  is  probably  table-spar.  Calcareous  spar 
is  likewise  found,  as  well  as  the  substance,  called  abrazite  by  Gis- 
mondi,  and  distinguished  by  its  octahedral  crystallization,  by  not 
effervescing  with  acids,  and  fusing  without  ebullition  in  the  flame  oi 
a  candle. 

The  breadth  of  this  current  near  its  termination  at  the  tomb  of 
Caecilia  Metella  is  sixty  feet ;  it  rests  on  rapilli  and  tuff,  and  may  be 
traced  along  the  plain  up  to  the  hills  about  Albano  from  which  it 
has  proceeded. 

The  other  streams  of  lava  which  occur  about  the  Alban  hills  have 
not  been  particularly  described ;  two  are  said  to  exist  between  Co- 
lonna  and  Monte  Porzio,  two  others  between  Monte  Porzio  and  Tus- 
culum,  and  one  near  Tusculum  which  may  be  traced  into  the  vaUey 
below  Frascati. 

*  Biblioteca  Italiana,  vol.  vii. 

t  Breislac,  Cam  panic,  torn.  ii.  p.  132. 
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Gpnera]  remarks  on  the  volcanos  of  Southern  Italf . — ilorca  Moofina — its 
position  described — ancient  site  of  the  A urunei— history  of  thul  people 
— structure  of  the  mountain — nature  of  the  rock  which  protrudes  through 
the  centre  of  the  crater — inferences  as  to  ihc  mode  in  which  the  raoun- 
tiunitaelfmuat  have  been  formed. — PoniBlalnuds. — Structure  of  Pouza — 
Palmarola^Zanoonc — Ventotienne — San  Stefano. — General  remarks. 


Under  the  head  of  Soutliem  Italy  1  propose  to  comprehend 
the  whole  of  the  kingdom  of  Naples.  We  there  see  presented 
to  119  no  leas  than  three  distinct  aystema  of  volcanic  forma- 
tions, which  are  suflBciently  contrasted  one  with  the  other  to 
exemplify  as  many  different  phases  or  conditions  of  igneous 
action. 

The  localities  to  which  1  alinde  are — 1st,  the  neighbour- 
hood of  Sesaa,  near  the  northern  boundary  of  the  Neapolitao 
territory  towards  the  Mediterranean ;  2ndiy,  that  of  Melfi  in 
Apulia,  in  the  vicinity  of  the  Adriatic ;  and  3rdly,  the  country 
immediately  surrounding  Naples  itself. 

The  two  former  of  these  localities  I  had  not  visited  at  the 
time  when  the  first  edition  of  this  work  appeared,  and  con- 
sequently the  description  therein  given  of  them  was  not  only 
meagre,  hut  also  in  several  points  inaccurate. 

Having  however  during  one  of  my  subsequent  visits  to 
Italy  personally  examined  the  second  of  these,  1  mean  Mount 
Vultur,  and  during  another  the  first,  namely  Rocca  Monfina, 
I  am  now  enabled  to  supply  these  deficiencies,  and  to  convey 
to  my  readers,  as  I  hope,  a  more  correct  idea  of  the  nature 
and  relations  of  these  two  remarkable  mountains  than  I  could 
formerly  have  done. 

On  the  road  between  Rome  and  Naples,  the  first  indications 
of  volcanic  action,  after  passing  the  Pontine  Marshes,  occur 
a  little  to  the  south-west  of  Mola  de  Gaieta,  near  the  river 
Garigliano,  the  ancient  Liris.     We  there  find  ourselves  be- 
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tween  two  ranges  of  hills;  that  to  our  right  the  Monte  Massico, 
composed  of  the  Apennine  limestone,  the  other  on  our  left, 
Rocca  Monfina,  consisting  entirely  of  volcanic  materials. 

The  town  of  Sessa,  the  "  Suessa  Auruncorum"  of  the  Ro- 
mans, stands  itself  just  where  the  latter  mountain  commences, 
its  narrow  streets  being  built  up  the  slope  of  the  mountain 
of  Rocca  Monfina,  at  the  foot  of  which  it  is  situated. 

In  my  former  edition  I  had  stated,  on  the  authority  of 
Breislac,  that  the  ancient  city  was  covered  by  the  volcanic 
tuff  of  the  mountain,  which  would  imply  that  the  latter  had 
been  ejected  during  the  historical  period,  but  this  upon  sub- 
sequent examination  I  found  not  to  be  the  case. 

There  are  indeed  hear  the  upper  part  of  the  town,  a  little 
to  the  left  of  the  principal  street,  the  remains  of  an  amphi- 
theatre, and  a  long  vaulted  chamber  covered  within  with  stucco, 
and  apparently  filled  up  to  a  distance  of  only  five  feet  from  the 
ceiling  with  rubbish.  The  above  buildings  may,  as  Breislac 
represents,  have  been  covered  over  by  the  tuff  which  forms 
the  material  of  the  precipitous  mountain  above  them,  but  this 
is  very  conceivable,  without  imagining  them  to  have  been  en- 
veloped, hke  Pompeii,  by  a  shower  of  volcanic  dust  from  any 
eruption  subsequent  to  their  erection.  At  any  rate,  I  could 
discover  no  satisfactory  proof  which  should  outweigh  the  great 
antecedent  improbability  of  such  an  event  having  occurred. 

The  mountain  of  Rocca  Monfina  then  is  bounded  on  the 
south-west  by  the  town  of  Sessa,  whilst  on  its  eastern  decli- 
vity nearly  at  the  same  level  stands  the  little  town  of  Teano, 
the  ancient  Teanum.  Both  these  cities  will  be  familiar  to  the 
readers  of  Livy,  the  first  as  Suessa  Auruncorum,  the  last 
hold  of  the  Aurunci,  the  second  as  the  seat  of  the  rival  state 
of  the  Sidicini ;  and  it  may  be  interesting  and  not  altogether 
irrelevant  to  the  subject  of  this  work,  to  state  briefly  what  is 
known  of  the  history  of  the  former  people,  so  far  as  it  has 
any  reference  to  the  mountain  we  are  now  considering. 

The  Aurunci  then,  in  the  earlier  periods  of  Roman  history,  seem 
to  have  had  their  capital  at  the  summit,  and  not  on  the  declivity  of 
Rocca  Monfina;  and  though  it  may  be  true  that  they  possessed 
themselves  at  one  time  of  a  considerable  tract  in  the  level  country 
both  of  Campania  and  of  Latium,  yet  their  original  site  was  the 
hilly  district  intervening. 
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Thus  tliey  are  noticed  by  Virgil  as  a  hardy  race  of  mountaineers — 

et  ([uos  de  tollibus  nltia 

AuruDci  miaere  patrcs. 

and  thoee  who  IJIce  myself  have  ascended  the  mouataln.  will  regard 
it  US  admirably  well-ndapted  far  the  stronghold  uf  a  warlike  and 
predatory  clao. 

We  first  read  of  them  indeed  soon  after  the  expulsion  of  the 
Tatquins,  as  having  formed  a  confederacy  against  Home  with  two 
Latin  cities,  Pometia  and  Com,  when  being  defeated  with  great 
slaughter,  they  arc  said  to  have  taken  refuge  within  the  walle  of 
Pometia.  The  following  year  Pometia  was  besieged  without  suc- 
cess, and  one  of  the  conauls  being  severely  wounded,  the  invading 
army  sounded  a  retreat. 

A  second  army  was  however  quickly  deppstehed,  and  Roman  per- 
eeverance  at  length  triumphed,  Pometia  being  taken  by  assault ; 
after  which  it  was  so  completely  destroyed,  that  though  it  had 
ranked  as  the  principal  town  in  the  Pontine  Marahes,  to  which  in- 
deed  it  gave  its  name,  no  vestige  of  it  can  now  be  discovered,  and 
its  very  position  is  unknown. 

Still  the  Aurunci  remained  unmolested  in  their  caiiiial  on  the 
summit  of  Rocca  Monfina,  to  which  the  Romans,  as  it  would  ajipear, 
did  not  think  it  prudent  to  pursue  them  ;  and  although  a  few  yeara 
afterwards,  when  this  same  people,  in  consequence  of  the  taking  of 
the  town  of  Suessa  hy  the  Unmans,  joined  the  Volscians,  they  were 
again  defeated  in  battle,  their  independence  was  still  preserved  to 
them  witbiD  the  range  of  the  mountain  fastness  alluded  to. 

For  the  next  century  and  a  half  the  Aurunci  appear  to  have  ke))t 
aloof  from  collision  with  the  Roman  power,  but  in  the  year  A.n.c. 
410,  they  made  a  predatory  incursion  into  the  Roman  territory, 
which  excited  so  much  alarm  from  the  fear,  lest,  if  unchecked,  the 
whole  I^tin  nation  might  rise  and  make  common  cause  with  them, 
that  a  dictator  was  appointed  to  head  the  army  sent  to  oppose  their 
march.  They  were  indeed  promptly  repulsed,  but  nevertheless,  in 
the  great  Latin  war  which  commenced  about  five  yeara  afterwards, 
they  again  took  part  against  the  Romans,  and  shared  in  the  defeat 
which  attended  the  arms  of  the  confederates. 

At  the  peace  which  followed,  they  were  admitted  into  the  alliance 
of  the  Romans  ;  hut  from  this  moment  may  be  dated  their  ruin,  for 
•con  afterwards  the  hostile  nation  of  the  Sidicini,  either  by  surprise 
or  treachery,  effected  that  which  the  Romans  appear  never  to  have 
attempted,  namely  the  expulsion  of  this  people  from  their  strong- 
hold on  the  summit  of  Rocca  Monfina,  which,  with  its  walls  and 
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fortifications,  was  utterly  demolished,  the  inhabitants  being  com- 
pelled to  seek  refuge  in  the  town  of  Suessa,  the  modem  Sessa,  in 
the  plain  below. 

After  this  event,  all  we  read  of  the  Aurunci  is,  that  they  took  part 
with  the  Samnites  in  their  second  war  against  the  Romans,  and  in 
consequence  of  their  defeat  were  obliged  to  submit  to  receive  a  Ro- 
man colony,  so  that  their  existence  as  a  separate  state  was  from  this 
period  destroyed. 

That  they  should  so  long  have  resisted  the  Roman  power,  and 
not  been  finally  subdued  until  deprived  of  their  original  fortress  on 
the  top  of  Rocca  Monfina,  will  be  less  a  matter  of  surprise  when  I 
have  described  the  structure  of  this  remarkable  mountain. 

After  a  rather  steep  ascent  of  about  2000  feet,  we  find  ourselves 
all  at  once  within  a  very  regular  crater,  the  brim  of  which  is  perfect 
on  the  west,  where  it  forms  the  lofty  and  precipitous  Monte  Cortinella, 
and  may  be  traced  in  other  parts  throughout  its  entire  circumference, 
except  on  the  side  which  we  enter  on  coming  from  Sessa,  where  it  is 
so  far  broken  away,  that  there  is  scarcely  any  sensible  descent  before 
arriving  within  its  precincts.  The  circular  form  and  extent  of  the 
crater  are  however  better  observed  from  some  point  near  to  its  centre 
than  from  its  margin,  and  a  remarkable  conical  protuberance  which 
rises  up  from  the  midst  of  the  crater,  and  reaches  an  elevation  of 
3200  feet*,  considerably  exceeding  the  highest  point  which  the 
margin  of  the  latter  attains,  gives  us  an  excellent  opportunity  of 
surveying  its  internal  dimensions. 

Its  diameter  is  estimated  at  two  and  a  half  Italian  miles,  and  its 
circumference  at  seven  and  a  half,  but  a  large  portion  of  its  interior 
is  occupied  by  the  conical  hill  above  noticed. 

Thus  we  can  hardly  imagine  a  position  better  calculated  for  the 
stronghold  of  such  a  nation  as  the  Aurunci  are  described  to  have 
been. 

Their  outpost  Suessa,  situated  as  we  have  seen  near  the  bottom 
of  the  mountain,  commanded  the  approach  to  it  on  that  side  where 
it  was  most  accessible,  and  secured  to  them  a  communication  with 
the  sea,  with  the  cities  of  the  Pontine  Marshes,  and  with  their  pos- 
sessions in  Campania. 

If  driven  from  thence,  they  had  only  to  retreat  to  the  summit  of 
the  mountain,  where,  posted  on  the  external  margin  of  the  crater, 
they  might  watch  the  movements  of  any  invading  force,  long  before 
it  could  gain  the  top  of  a  mountain  of  such  height  and  so  difficult  of 
access.    In  case  of  an  attack,  they  could  drive  their  flocks  and  herds 

*  Abich,  iiber  die  Natur,  &c.  der  vulkanischen  Bildungen.  Braun« 
schweig,  1841. 
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within  the  crater,  where  they  woald  find  ample  epiLce  and  good 
pasturage  without  danger  of  molestation,  unlcM  indeed  the  invading 
force  were  powerful  enough  to  dislodge  them  from  the  vantage  ground 
which  their  army  would  occupy  ud  the  brim  of  the  crater,  itself  a 
natural  foTtresF.  inclosing  within  its  ample  boundaries  a  large  tract 
of  fertile  land. 

Even  if  forced  to  relinquiah  this  stronghold,  they  still  had  it  in 
their  power  to  take  refuge  on  the  conical  and  precipitous  mountain 
which  rises  up  from  the  very  centre  of  the  crater,  where  a  small 
force  might  easily  set  at  defiance  a  hoi^t  of  invaders. 

On  this  mountain,  called,  from  a  cross  which  till  lately  stood  on 
its  summit,  the  Monte  della  Croce,  they  accordingly  appear  to  liave 
placed  their  citadel :  for  an  Italian  archieologist*  first  pointed  out  on 
a  level  spot  nearly  at  the  top  of  this  eminence,  as  vestiges  of  the 
ruined  city,  pavements  of  streets,  corners  of  apartments,  foundations 
of  buildings,  three  cisterns  for  conttuning  water,  together  with  heaps 
of  hewn  stones,  and  remnants  of  very  strong  walls. 

Some  of  these  were  perceived  by  myself  in  the  course  of  my 
ramhles  over  the  mountain,  and  1  found  that  they  consisted  of  the 
same  material  which  composes  the  rock  on  which  they  had  heen 
erected . 

No  better  proof  than  this  could  be  adduced  of  the  antiquity  of  the 
volcanic  operations  to  which  the  mountain  owes  its  actual  configu- 
ration :  for,  as  Sir  William  Gell  observed  to  me,  when  I  once  des- 
canted with  him  on  the  extreme  disproportion  which  exists  between 
the  length  of  period  embraced  within  the  several  epochs  of  human 
and  of  geological  history, — a  nation  like  the  Aurunci,  to  whom  it  was 
of  essential  importance  to  have  near  their  city  good  pasturage  for 
the  flocks  and  herds  on  which  they  depended  for  support,  would 
never  have  selected  Rocca  Monfina  for  their  capital,  not  only  if  the 
volcano  itself  had  been  in  activity,  but  bad  not  the  stone  which  con- 
stitutes the  interior  of  the  crater  been  already  in  such  a  state  of 
decomposition,  as  to  be  covered  with  herbage,  and  to  yield  abundant 

With  regard  to  the  geolo^cal  structure  of  the  mountain 
I  may  remark,  that  with  the  exception  of  the  conical  mass  of 
rock  in  its  centre,  which  constitutes  the  Monte  della  Croce, 
it  13  almost  entirely  composed  of  beds  of  volcanic  tuff,  which 

*  Perotta,  Sede  degli  Aunmci,  as  quoted  by  Romaaelli,  vol.  iii.  p.  444. 

t  See  my  Memoir  '  Ou  the  Site  of  the  Ancieat  City  of  the  Aurunci,  and 
DD  the  Volcanic  PhEeDomena  which  It  exhibits.'  Transactions  of  the  Ash- 
molean  Society,  1846. 


ROCCA  MOXFINA.  1/9 

differs  however  from  that  met  with  round  about  Naples,  in 
the  inferior  degree  of  its  compactness,  in  its  more  earthy 
appearance,  in  the  more  frequent  presence  of  mica,  and  the 
rarer  occurrence  of  the  darker  varieties  of  pumice. 

I  remarked  a  red  ferruginous  variety  of  tuff,  sometimes  in 
beds  alternating  with  the  commoner  kinds,  and  in  one  in- 
stance forming  a  kind  of  vein  running  vertically  through  the 
strata. 

The  tuff  continues  from  the  town  of  Sessa  till  we  approach 
the  outer  brim  of  the  crater,  covered  over  with  loose  uncom- 
pacted  aggregates  of  volcanic  sand,  and  of  stones  promis- 
cuously heaped  one  upon  the  other. 

In  this  tuff  are  often  imbedded  not  only  its  usual  con- 
comitants, sand  and  rapiUi,  but  also  large  blocks  of  a  kind 
of  porphyry,  peculiar  as  it  would  seem  to  the  products  of  the 
ancient  volcanos  of  Monte  Somma  and  of  Rocca  Monfina  in 
the  Neapolitan  territory,  and  of  Acquapendente  and  Viterbo 
in  the  Roman,  characterized  by  crystals  of  leucite,  which  at 
the  spot  now  under  consideration  are  often  of  extraordinary 
dimensions,  sometimes  two  inches  and  a  half  in  diameter,  and 
are  accompanied  by  minute  crystals  of  augite,  both  imbedded 
in  a  felspathic  basis.  As  the  felspathic  portion  was  more  readily 
decomposed  than  the  imbedded  crystals,  these  latter  might  often 
be  detached  from  their  matrix  in  a  state  of  great  integrity. 

Near  to  the  Uttle  village  of  Tuoro  de  Sessa,  which  is  situated 
very  little  below  the  external  margin  of  the  ancient  crater,  we 
observe  a  continuous  bed  of  this  leucitic  porphyry,  resting 
upon  the  tuff,  and  extending  for  some  distance  along  a  ravine 
which  runs  obliquely  down  the  sides  of  the  mountain.  This 
was  the  only  instance  that  occurred  to  me,  in  which  the  above 
rock  appeared  in  any  other  form  than  that  of  detached  blocks. 

The  most  remarkable  feature  however  in  the  physiognomy 
of  this  mountain,  and  that  which  distinguishes  it  from  most 
other  volcanos,  is  the  protrusion  from  the  interior  of  the 
crater  of  a  conical  mass  of  a  rock  resembling  trachyte*,  large 

*  See  Plate  1.,  for  the  Section  and  Ground  Plan  of  Rocca  Monfina,  the 
former  reduced  from  a  sketch  taken  by  the  artUt  who  accompanied  rae  on 
my  visit  to  the  mountain ;  the  latter  borrowed  from  a  Memoir  by  Professor 
Pilla,  who  however  has  represented  the  crater  as  though  it  were  entirely 
effaced  on  the  east,  whereas  it  appeared  to  me  there  distinctly  traceable, 
although  undoubtedly  much  lower  than  it  was  on  the  west. 

N  2 
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enough  to  fill  up  two-thirds  of  the  area  comprehended  within 
the  walls  of  ihe  crater,  and  so  lofty  as  to  rise  considerably 
above  tlie  most  elevated  point  in  its  margin,  constituting  in- 
deed, when  observed  from  a  distance,  the  most  conspicuous 
object  embraced  within  the  compass  of  the  mountain. 

This  trachytic  rock  is  much  more  abrupt  than  the  tuff 
tWough  which  it  appears  to  have  been  protruded.  In  its 
centre  is  a  hollow  plain,  which  may  possibly  have  once  been 
a  kind  of  crater,  as  there  are  still  on  three  of  its  sides  points 
of  rock  that  rise  considL-rably  above  the  central  concavity,  of 
which  the  highest  was  formerly  marked  by  a  cross ;  a  circum- 
stance which,  as  I  have  stated,  served  to  give  the  name  of 
Santa  Croce  to  the  entire  mountain, 

The  rock  is  generally  of  a  reddish  brown  colour,  its  base 
sometimes  grey,  fiJie-grained  and  compact,  but  not  of  very 
close  texture,  intimately  interwoven  with  small  felspathic  por- 
tions, which  frequently  show  a  glassy  fracture,  as  if  from 
fiision. 

Much  green  augite,  never  howevxr  accompanied  by  even  a 
trace  of  hornblende,  penetrates  the  whole  moss,  and  brown 
micii,  generally  in  hexagonal  tables,  is  a  predominant  ingre- 
dient. Abich  regards  the  rock  in  the  a^rcgate  as  forming 
ft  link  intermediate  between  trachyte  and  greenstone,  and 
therefore  denominates  it  trachi/te-doleriie.  He  conceives  it 
to  contain  neither  albite  nor  glassy  felspar,  but  oligoclase. 
The  most  distinguishing  characteristic  of  the  etone  is  the 
confused  manner  in  which  its  raineralogical  constituents  are 
intermixed. 

Pilla  informs  us  that  the  summit  of  this  cone  is  exactly 
equidistant  from  all  parts  of  the  crest  of  Monte  Cortinelta, 
the  only  portion  of  the  original  crater  that  stands  absolutely 
intact,  showing  that  it  stands  just  in  the  centre  of  the  in- 
closed area;  a  singular  and  improbable  coincidence,  unless 
it  had  upheaved  the  rest  of  the  mountain,  but  one  presenting 
no  difficulty  if  we  admit  this  supposition. 

The  rock  alluded  to,  abrupt  as  it  is,  seems  to  be  every- 
where covered  over  with  vegetation,  and  a  fine  chestnut  forest 
occupies  a  considerable  portion  of  its  tlanks. 

From  its  summit  the  eye  embraces,  on  the  one  hand,  MoU 
di  Gaieta,  the  range  of  mountains  terminating  in  Cape  Cir- 
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cello^  and  the  whole  extent  of  coast  as  far  as  Ischia  and  Vesu- 
vius ;  whilst  on  the  other,  the  line  of  the  Apennines,  in- 
cluding the  monastery  of  Monte  Casino,  and  other  places  built 
upon  the  slope  of  these  mountains,  appears  conspicuous. 

Now  the  circumstance  which  in  a  geological  sense  attaches 
the  highest  interest  to  the  structure  of  this  mountain,  is  the 
support  it  seems  to  afford  to  the  theory  of  elevatiouy  in  the 
protrusion  of  this  compact  mass  of  trachytic  rock  through 
the  centre  of  a  mountain  mainly  consisting  of  materials  so 
different  from  it  as  leucitic  porphyry  and  volcanic  tuff,  and  in 
its  attaining  moreover  a  height  so  considerable  as  it  has  done 
in  the  instance  before  us. 

The  first  difficulty  in  the  way  of  supposing  it  formed  by 
the  same  operations  as  those  which  produced  the  mass  of  the 
surrounding  mountain,  arises  from  the  constitution  of  its 
component  parts,  which  is  such  as  to  imply  a  different  origin 
for  the  two,  the  felspar  of  the  central  cone,  according  to  Abich, 
being  oUgoclase,  which  contains  but  little  potass,  whilst  the 
tuff  is  charged  with  leucite,  which  abounds  in  it. 

Moreover  it  may  be  argued,  that  if  the  Monte  della  Croce 
had  consisted  of  heaps  of  incoherent  scoriae,  or  of  large  frag- 
ments of  slaggy  lava  piled  one  above  the  other,  like  the  cone 
which  is  now  forming  in  the  centre  of  the  crater  of  Vesuvius, 
its  existence  might  then  indeed  have  been  explicable  by  an 
appeal  to  the  every-day  operations  of  which  we  are  eye-wit- 
nesses in  volcanos  now  in  activity — that  had  it  even  formed 
part  of  a  stream  of  lava,  which  might  still  be  traced  down 
the  external  flanks  of  the  mountain,  although  we  should  have 
wondered  at  its  ample  dimensions,  we  might  nevertheless 
have  referred  it  to  the  same  cause ;  but  that  a  conical  mass 
of  rock  so  considerable,  and  yet  so  completely  circumscribed 
within  the  area  of  the  crater,  could  only,  as  it  would  seem, 
have  been  brought  into  the  position  which  it  is  seen  to  occupy, 
by  being  upheaved  all  at  once  from  the  interior  of  the  globe, 
whilst  in  a  semi-fluid  or  pasty  state,  but  not  in  a  condition 
of  actual  liquidity. 

We  have  therefore  before  us  an  agent,  which  would  not 
only  be  competent  to  uplifl  the  surrounding  strata  of  tuff, 
but  which  must  necessarily  have  done  so,  if  the  latter  had 
been  at  the  time  of  its  eruption  in  a  horizontal  position ; 
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and  to  siijipose  thctn  gradually  formed  by  Bucceesive  nhowers 
of  loose  incoherent  ejected  materials,  before  the  Irachytic  rock 
in  its  centre  was  protruded,  seems  to  imply  a  forgctfulneaa  of 
the  height  which  the  tutf  has  attained,  and  of  the  high  angle 
at  which  its  beds  are  inclined. 

Alternating  strata  of  tuff  and  lava  may  indeed  be  imagined 
to  build  up  in  the  course  of  time  a  mountain  of  considerable 
elevation,  but  a  hill  consisting  of  tutf  alone,  as  appears  to  be 
the  case  with  a  large  part  at  least  of  Itocca  MonSna,  could 
only  have  attained  its  present  height,  which  ia  at  leart  2000 
feet  above  the  sea,  in  consequence  of  some  elevatory  move- 
ment subsequent  to  its  ejection  ;  and  If  this  be  admitted,  we 
have  before  us  in  the  central  tmchytic  rock  of  Monte  della 
Croce,  an  agent  calculated  to  cause  such  an  upheavemcnt,  aud 
itself  hardly  to  be  accounted  for  without  auch  a  supposition. 

A  few  miles  west  of  Mola  di  Gaieta  lie  the  Ponza  Islands, 
four  of  which,  namely  Ponza,  Palmarola,  Ventotienne,  and 
San  Stefano,  appear  to  be  entirely  volcanic,  the  fifth  (Zannone) 
in  part  neptuutan.  No  tradition  exists  of  their  having  been 
in  activity,  nor  was  Dolomieu,  who  first  described  them,  able 
to  discover  in  them  any  traces  of  a  crater.  The  most  detailed 
account  published  of  them  in  recent  times  is  that  by  Mr. 
Poulett  Scrope,  now  contained  in  the  Transactions  of  the 
Geological  Society  for  1824. 

With  the  exception  of  Zannone,  all  this  group  is  composed 
of  rocks  more  or  less  of  a  felspathic  character,  and  in  general 
referable  to  one  or  other  of  the  members  of  the  trachytic 
series.  Of  these  rocks,  beautiful  sections  are  presented  above 
the  Une  of  coast,  where  their  internal  structure  is  completely 
laid  open. 

The  largest  of  these  islands,  that  of  Ponza,  is  long  and 
very  narrow,  and  is  eroded  by  the  sea  into  deep  concavities. 
Hu^er  masses  left  along  its  shores  in  the  sea  adjoining  show 
that  it  once  was  broader  than  it  is  at  present,  and  protruding 
ledges  of  rock  even  mark  its  former  connexion  with  Zannone 
and  with  the  httle  islet  called  La  Gabbia. 

Prismatic  trachyte,  disposed  in  zones  of  various  colours, 
frequently  waved  and  contorted  hke  the  stripes  of  certain 
varieties  of  marbled  paper,  aud  interspersed  with  cells,  the 
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longer  axis  of  which  is  in  the  direction  of  the  laminae  of  the 
stone^  appears  to  form  the  skeleton  of  the  island.  It  is  con- 
stantly accompanied  by,  and  alternates  with^  a  semi-vitreous 
trachytic  conglomerate,  formed  of  minute  pulverulent  matter 
inclosing  fragments  of  trachyte. 

The  prismatic  trachyte  seems  to  have  been  forcibly  in- 
jected through  the  conglomerate,  and  wherever  it  touches  the 
latter,  its  earthy  base  is  converted  into  a  pitchstone  porphyry; 
sometimes  it  becomes  a  pearlstone,  and  at  other  times  it  in- 
closes small  nuclei  of  true  obsidian. 

These  rocks  are  connected  with  a  siliceous  trachyte,  resem- 
bling in  appearance  the  siliceous  buhrstone  of  Paris,  and  pro- 
bably belonging  to  the  molar  porphyry  of  Beudant.  It  con- 
sists of  a  white,  earthy,  and  friable  substance,  traversed  by 
irregular  concretions  possessing  a  compact  texture,  ash-grey 
colour,  and  flinty  lustre.  It  is  accompanied  by  breccias  and 
conglomerates  equally  siliceous. 

Abich  appears  to  refer  all  these  descriptions  of  rock  to  the 
ti-achyte-porphyry  of  Beudant  passing  into  various  modifica- 
tions of  pearlstone  and  obsidian.  Like  Scrope,  he  regards  it 
as  protruded  in  dykes  through  the  pumiceous  tuff,  by  the  re- 
moval of  which  the  former  stand  out  in  long  rows  like  colossal 
walls.  Hence  the  peculiar  figure  of  these  islands,  and  the 
steep  and  generally  perpendicular  precipices  which  they  pre- 
sent towards  the  sea. 

Resting  on  the  setni-vitreous  trachyte,  and  forming  the 
base  of  the  highest  point  in  the  island,  the  Montagne  della 
Guardia,  is  a  rock  300  feet  thick,  which  Mr.  Scrope  distin- 
guishes from  trachyte,  as  containing,  in  addition  to  the  felspar 
which  constitutes  the  predominant  ingredient,  a  small  per- 
centage of  augite,  hornblende  or  mica,  and  which  he  denomi- 
nates ^^«/on«.  It  is  however  stated  to  resemble  the  rock 
of  Mount  Olibano,  hereafter  to  be  described  *,  which  Abich 
calls  trachyte- dolerite. 

The  structure  of  Palmarola  nearly  resembles  that  of  the 
larger  island  Ponza  contiguous,  except  that  the  siliceous  tra- 
chyte does  not  occur.  The  rock  composing  it,  Abich  says, 
may  be  regarded  as  consisting  of  50  per  cent,  of  glassy  fel- 
spar, 25  of  albite,  and  25  of  silica,  or  of  a  solution  of  a  neutral 

♦  See  the  12th  Chapter. 
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silicate  of  alumian  and  of  alkali  in  silicic  &cid ;  and  with  tliis 
the  rock  of  Ponza  corresponds. 

The  constitution  of  Zanuonc  is  very  peculiar,  two-thirds 
being  composed  of  trachyte,  the  rest  of  limestone.  The  former 
corresponds  with  the  molnr  porphyry  of  Ponza,  and  presents 
alt  the  external  features  of  a  biihrstone.  It  might  be  mis- 
taken from  its  white  colour  for  a  cavernous  freshwater  lime- 
stone or  travertin,  and  is  composed,  according  to  Abich,  of 
ailica  28-40,  hydrate  of  iron  1-33,  orthoclase  34-34,  and  glassy 
felspar  35'83.  Hence,  whilst  the  slaty  and  glassy  trachyte 
(trachyte-porphyry)  of  the  Ponza  islands  abounds  in  soda, 
the  siliceous  kind  (or  molar  porphyry)  is  richer  in  potass. 
The  limestone,  which  constitutes  the  remaining  third  of  the 
island,  is  described  by  Brocchi  as  transition,  corresponding 
with  that  of  the  Monte  Circello  on  the  opposite  coast  of  Italy. 
Near  the  line  of  contact  with  the  trachyte  it  has  become 
dolomitic 

The  next  island,  Ventotienne,  consists  wholly  of  pumiceous 
conglomerate  or  tufa,  interstratified  with  beds  of  lapilli,  and 
resting  upon  a  massive  bed  of  what  Mr.  Scrope  denominates 
ffreyslone. 

The  remaining  island,  San  Stefano,  resembles  in  structure 
Ventotienne,  consisting  of  a  rough  mass  of  greystone  sur- 
mounted by  loose  tufa. 

Thus  the  Ponza  group  may  be  considered  as  composed  of 
two  classes  of  volcanic  products,  separated  one  from  the  other 
fay  masses  of  tuff  or  pumiceous  conglomerate. 

The  first  of  these  classes  will  comprehend  two  varieties  of 
trachyte,  namely  the  trachytic  porphyry  and  the  molar  por- 
phyry of  Beudant,  the  former  of  which  also  associated  with 
pearlstone  and  obsidian. 

The  latter  class  consists  of  the  greystone  of  Scrope,  or  the 
trachyte-dokrite  of  Abich,  and  exhibits  a  still  further  step  in 
the  volcanic  process,  from  the  presence  in  it  of  au^te  and 
certain  other  minerals  in  lieu  of  a  portion  of  the  redundant 
silica. 
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CHAPTER  XL 

VOLCANOS  OF  SOUTHERN  ITALY  (Continued), 

Mount  Vultur  described — antiquity  of  its  eruptions — peculiar  constitution 
of  its  lava — configuration  of  the  country  when  it  was  in  an  active  state. 
— Lago  di  Ansanto — referred  to  by  Virgil — mephitic  vapours  given  out 
by  it — rocks  in  which  they  occur — position  of  the  lake  with  reference  to 
the  two  volcanos  of  Vultur  and  Vesuvius. 

In  the  province  of  Basilicata,  a  part  of  Apulia,  and  on  the 
eastern  flank  of  the  Apennine  chain,  rises  near  the  city  of 
Melfi  a  lofty  isolated  hill,  the  Mount  Vultur*,  which  Horace 
has  celebrated  as  the  scene  of  his  early  poetical  adventures  t. 

This  mountain,  both  from  its  conical  form  and  the  nature 
of  the  rocks  composing  it,  is  at  once  recognised  as  volcanic. 
Its  remoteness  from  the  ordinary  routes  of  travellers,  and  the 
insecurity  of  the  roads  in  that  part  of  Italy,  have  caused  it  to 
be  very  little  explored ;  but  since  the  pubhcation  of  the  former 
edition  of  this  work,  it  has  been  visited  by  myself]:,  and  at  a 
still  later  period  by  Abich. 

I  found  the  mountain  composed  principally  of  volcanic  tuff, 
some^  beds  of  which  were  very  compact,  whilst  others  were 
loose  and  friable,  consisting  chiefly  of  pumice  like  those  about 
Pompeii.  On  its  northern  flank,  about  half-way  from  the 
summit,  is  a  great  circular  expaiision,  surrounded  by  an 
amphitheatre  of  rocks  on  all  sides  except  the  lower  by  which 
we  had  ascended,  some  of  which  rise  more  than  a  thousand 
feet  above  the  average  margin  of  the  cavity.     It  evidently  was 

♦  See  Plate  II.,  entitled  'Town  and  Castle  of  Melfi  with  Mount  Vultur 
beyond,  seen  from  the  N.E.' 

t  Me  fabulose.  Vulture  in  Appulo, 
Altricis  extra  limen  Apulise, 
Ludo  fatigatumque  somno, 
Fronde  nov&  puerum  palumbes 
Texere.  Carm.  lib.  iii.  ode  4. 

X  See  '  Narrative  of  an  Excursion  to  the  Lake  Amsanctus  and  to  Mount 
Vultur  in  Apulia/  Transactions  of  the  Ashmolean  Society,  vol.  i. 
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once  the  crater  of  the  volcano  *,  aad  contained  within  it  two 
minor  depressions,  in  both  which  were  lakes  commiini eating 
by  a  narrow  outlet  one  witli  the  other,  and  discharging  their 
superfluous  waters  by  means  of  a  little  rivulet  which  runs 
from  the  lower  and  more  southern  of  the  two  takes. 

It  is  stated,  that  at  times  volumes  of  sulphuretted  hydrogen 
or  of  some  other  inflammable  gas  are  given  off"  from  this  lower 
lake,  and  that  jets  of  water  have  been  suddenly  thrown  up  to 
the  height  of  fifteen  feet  above  its  surface.  Near  it  I  dis- 
covered a  cold  spring  called  the  Aqua  Santn,  without  any 
paiticular  taste,  but  possessing  some  reputed  medicinal  vir- 
tues, which  gave  out  bubbles  of  air,  consisting,  according  to 
my  analysis,  chiefly  of  carbonic  acid,  but  with  a  small  resi- 
duary quantity,  containing  nine-tenths  nitrogen  to  one-tenth 
oxygen.  Waters  containing  carbonic  acid  and  sulphuretted 
hydrogen  are  likewise  found  to  the  east  of  Mount  ^'ultur  at 
Rendina,  and  on  the  west  near  Atella. 

These  circumstances  may  tend  to  show  that  the  volcanic 
action  is  not  entirely  spent,  but  manifests  itself  at  intervals 
by  the  evobition  of  gas. 

Nevertheless  there  is  not  the  slightest  reason  for  supposing 
that  this  volcano  was  in  activity  within  the  historical  period ; 
on  the  contrarj',  during  the  times  of  ancient  llonic  its  cou- 
diUon  would  appear  to  have  been  but  little  different  from  that 
which  at  present  belongs  to  it. 

Horace  would  hardly  have  selected  it  as  the  spot,  where 
the  doves  are  represented  as  covering  him  over  in  the  days  of 
his  childhood  with  fresh  leaves,  had  not  the  forests  existed 
then  in  their  present  luxuriance ;  and  if  the  mountain  had 
appeared  to  the  poet  under  that  arid  and  forbidding  aspect, 
which  belongs  to  all  volcanos  that  have  been  but  a  short  time 
extinguished,  he  would  have  introduced  some  mention  of  such 
a  circumstance,  when  he  alludes  to  the  peculiar  features  of  the 
neighbouring  places, — the  "  excelsas  nidum  Acherontiae,"  the 
"  saltus  Bantinos,"  the  "  arvum  pingue  humilis  Ferenti." 

Lucan  too  speaks  of  the  "  arva  Vulturis,"  without  any  allu- 
sion to  the  harsh  and  sterile  appearance  which  belongs  to  a 
mass  of  recently  ejected  lava. 

Indeed,  not  a  single  stream  of  lava  was  observable,  either 

*  See  Plate  IV.,  entitled  'Crater  of  Mouot  Vultur  from  the  S.W.' 
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on  the  road  we  took  from  Melfi  to  reach  the  crater,  or  on  our 
return  over  the  western  edge  of  the  crater  to  that  city.  If 
any  such  there  be,  they  were  concealed  by  a  thick  bed  of 
black  unctuous  soil,  resulting  from  the  mixture  of  volcanic 
ashes  with  the  clay,  which  proceeded  from  the  decomposition 
of  harder  materials. 

The  extent  to  which  this  has  taken  place — the  rare  occur- 
rence, in  a  mountain  which  once  was  the  theatre  of  such  ex- 
tensive volcanic  operations,  of  loose  blocks — and  the  entire 
disappearance  of  the  streams  of  lava — would  alone  imply  the 
long  interval  of  time  that  had  elapsed  since  the  eruption  that 
occasioned  them ;  but  another  proof  of  the  same  fact  was 
afforded  me,  in  the  existence  of  a  deep  and  wide  valley  which 
we  crossed  on  our  way,  extending  from  the  bottom  of  the 
mountain  nearly  up  to  the  crater,  completely  covered  with 
vegetation,  and  with  its  superficial  strata  reduced  to  the  con- 
dition of  a  rich  and  slippery  loam. 

In  the  few  specimens  of  volcanic  rock  met  with  on  our 
road,  either  in  detached  blocks,  or  composing  beds  of  loose 
materials  which  the  soil  had  not  completely  concealed  from 
our  view,  there  was  a  general  uniformity  of  character. 

They  consisted  of  a  dark  and  generally  compact,  though 
sometimes  cellular  stone,  which  was  made  up  of  an  intimate 
union  of  minute  crystals  of  augite  imbedded  in  a  felspathic 
base.  There  were  also  dispersed  through  the  matrix  crystals 
of  a  dark  green  colour,  which  from  a  comparison  with  others 
subsequently  found,  I  conclude  to  consist  of  hauyne. 

These  masses  may  either  have  been  detached  from  a  stream 
of  lava  which  formerly  had  been  thrown  out,  or  may  have 
been  ejected  separately. 

If  the  former  were  the  case,  what  an  idea  of  antiquity  does 
the  complete  concealment  by  vegetation  of  these  streams 
convey  to  the  mind,  when  we  recollect  the  ages  required  to 
cover  even  with  lichen  those  of  Etna  or  Vesuvius !  Yet  the 
whole  of  these  eruptions  was  posterior  to  the  formation  of 
the  tuff  constituting  the  base  of  the  mountain,  which  is  of 
various  degrees  of  compactness,  containing  comminuted  masses 
of  pumice  imbedded,  which  alternates  with  beds  of  loose  pu- 
mice, without  any  cementing  material. 

The  town  of  Melfi  stands  on  an  isolated  neck  of  land. 
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separated  from  Mount  Viiltur  by  a  valley  and  stream  of 
water*. 

The  rock  is  based  upon  volcanic  tuff  likp  that  of  Vultur, 
the  beds  of  which  dip  from  that  mountain.  The  summit  of 
the  hill  however  consists  of  a  thick  bed  of  compact  lava  rest- 
ing on  tuff,  and  presenting  a  precipitous  escarpment,  as  well 
as  an  imperlect  columnar  structure,  towards  the  north-east. 
Here  the  best  specimens  of  hauyne  are  to  be  met  with,  in  a 
bed  of  loose  volcanic  stones  underlying  the  town  above 
noticed. 

When  the  crystals  are  capable  of  being  detached  from  the 
matrix,  they  are  generally  found  to  possess  the  dodecahedral 
form,  which  in  other  localities  is  seen  so  imperfectly,  well- 
defined  ;  and  they  are  characterized  moreover  by  gelatinizing 
with  nitric  acid,  and  by  fusing  into  a  blue  glass  with  borax. 

The  blue  kind  found  at  Andemach  and  in  the  Campagna 
di  Roma  is  less  common  here  than  the  dark  green  variety, 
and  owing  to  some  external  decomposition,  the  former  is 
white  Buperfidally,  and  presents  its  natural  colour  only  when 
fractured.  It  is  accompanied  with  leucite,  with  augite,  with 
hornblende,  and  according  to  Brocchi  with  pseudo-nephelioe, 
and  melilite.  In  the  compact  lava-bed  which  overlies  the 
congeiies  of  ejected  masses  described,  1  also  perceived  con- 
cretions very  much  resembling  the  pearlstone  of  Hungary. 

Mount  Vultur  has  lately  been  measured  by  Abich,  who 
finds  its  highest  point  2468  Paris  feet  above  Melfi,  and  4156 
feet  above  the  sea.  Accordingly  at  Frigento,  a  place  which 
is  nearly  equidistant  from  it  and  Vesuvius,  the  summit  of 
Vultur  appeared  more  conspicuously  than  that  of  Somma 
over  the  Apennine  ridge.  It  is  about  twenty  miles  in  cir- 
cumference, and  is  made  up  of  an  aggregate  of  several  hills, 
having  steep  escarpments  towards  the  interior,  whilst  their 
external  slopes  are  more  gentle. 

It  has  been  conjecturedf  that  the  eruptions  of  this  moun- 
tain took  place  at  a  time  when  the  physical  structure  of  the 
country  was  different  from  what  it  is  at  present,  and  the  low 
land  between  Melfi  and  the  Adriatic  constituted  a  sort  of 

•  See  Plate  III.,  entitled  'View  of  the  Town  and  Castle  of  Melfi." 
f  Cagnazzo.CoDgetturadiuDaDticoeboccodell'Adriatico.  Napoli,1807t 
as  quoted  io  Romanelli's  Tapografia  del  Regno  di  Nupoli. 
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gulf,  extending  from  Taranto  upwards,  the  waters  of  which 
washed  the  foot  of  this  volcano. 

Not  having  seen  the  work  referred  to,  I  am  unable  to  state 
in  what  degree  this  hypothesis  is  borne  out  by  fact,  and  shall 
only  remark  that  it  seems  favoured  by  the  direction  of  the 
Apennines  as  laid  down  in  common  maps*,  where  they  are 
represented  as  dividing  about  Melfi  into  two  branches,  one  of 
which  takes  the  direction  of  Bari  to  the  east,  the  other  that 
of  Calabria  to  the  south,  thus  inclosing  the  greater  part  of 
the  province  of  Basilicata  in  a  kind  of  basin.  What  this  in- 
termediate tract  of  country  may  consist  of,  I  have  not  been 
able  to  ascertain ;  but  should  it  be  such  as  to  confirm  such  a 
conjecture  as  to  an  extension  of  the  gulf  at  one  period  in  the 
direction  contended  for,  we  may  derive  from  the  present  ex- 
tinct condition  of  Mount  Vultur,  an  additional  proof  of  the 
theory  which  I  shall  propose  in  another  part  of  this  work,  with 
respect  to  the  necessity  of  the  access  of  the  sea,  or  at  least  of 
large  bodies  of  water,  to  feed  the  fires  of  every  volcano.  At 
present  the  distance  of  Mount  Vultur  from  the  Adriatic  can- 
not be  less  than  thirty-five  miles,  whilst  from  Naples  it  is 
nearly  twice  as  remote. 

Midway  between  the  two  volcanos  of  Mount  Vultur  and 
Vesuvius,  and  in  a  direct  line  intersecting  each,  is  the  Lago 
di  Ansanto  f?  in  which  name  the  classical  reader  will  directly 
recognise  the  lake  and  valley  of  Amsanctus  alluded  to  by 
Virgil,  into  which  the  fury  Alecto  plunges,  after  having  ex- 
cited discord  between  Turnus  and  ^neas : — 

Est  locus,  Italise  medio  sub  montibus  altis, 
Nobilis,  et  fam&  multis  memoratus  in  oris, 
Amsancti  valles :  densis  hunc  frondibus  atrum 
Urget  utrinque  latus  nemoris,  medioque  fragosus 
Dat  sonitura  saxis,  et  torto  vertice  torrens : 
Hie  specus  horrendum,  saevi  spiracula  Ditis 
Monstratur  :  ruptoque  ingens  Acheronte  vorago 
Pestiferas  aperit  fauces ;  quis  condita  Erinnys, 
*  Invisum  numeo,  terras  ccelumque  levabat. 

iENBis,  lib.  vii.  1.  503. 


*  See  the  excellent  map  attached  to  Dr.  Cramer's  useful '  Description 
of  Ancient  Italy.'  Oxford,  1826. 

t  See  the  Map  of  a  portion  of  the  kingdom  of  Naples,  in  which  the 
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Some  intlced  hnrc  suggested  that  Virgil  alluded  to  certain  ml- 
phureouM  ponds  tha-t  occur  near  Kieti.  above  the  hmoiu  falls  of 
Teroi,  where  tbc  immense  accumulation  of  traTerline  prove*  that 
the  exbicatioD  of  carbooic  acid,  and  probably  of  other  ga«es  usuallj 
accompanying  it.  fiafi  been  taking  place  on  an  enonnous  scale  :  but 
the  locality  eeeme  to  be  fixed  by  a  passage  in  Cicero,  who  expressly 
*aya,  that  the  Lake  Ams&nctus  lies  Ln  the  country  of  the  Hirpiui : — 
"Quid  enim?  non  videmus  quam  eint  varia  terrarum  genera?  Kx 
<)uihu!',  et  moTtifere  quxdnm  pars  est,  ut  et  Amiancti  in  Hiipinis, 
et  in  Aeia  Plutonia."  A  pu^aagc  in  Hiny  might  also  be  quoted  to 
the  same  purpose,  but  the  deacription  which  Virgil  gives  is  so  ap- 
plicable to  the  spot,  that  1  conceive  no  doubt  can  remain  as  to  its 
identification. 

ThucAnaanto  stands  "Italie  medin"(midway  between  the  Adriatic 
and  Mediterranean):  "sub  montibus  aliis,"  (having  in  its  immediate 
neighbourhood  the  biUs  of  Frigento.  ^'illa  ^loina,  &c.,  and  at  a  stiU 
grCAter  dietUQce  the  mount ainouB  heights  of  Monte  Vergine,  and  other 
of  the  loftiest  poiuta  in  the  chain)  ;   it  is  situated  in  a  Lttle  volley, 
which  till  lately  was  flanked  on  either  side  by  n  thick  wood, — 
denais  bunc  Trondibue  atniiu 
Urget  utrinque  latua  nemoiis, 
for  it  waa  only  in  the  time  of  Murat  that  the  wood  on  the  right 
hand  was  cut  down :  whilst  a  small  mouDtaiu  torrent  flows  down 
the  valley  and  supplies  the  lake, — 

ruedioqae  Iragoaus 

Dat  MDitum  saxis,  et  torto  vertiee  torrena. 
Here  from  the  pool,  which  occupies  a  particular  spot  where  the 
valley  is  somewhat  wider  than  elsewhere,  itsues  an  enormous  quan- 
tity  of  noxious  gaa,  whilst  the  same  proceeds  copiously  from  a  cavity 
in  an  adjacent  rock,  so  that  the  latter  part  of  the  poet's  description 
is  exactly  verified  ; — 

Hie  specus  horreoduni,  eievi  spiracula  Ditis 

Monstratui;  ruptoque  iugens  Acheroote  vorago 

Pestiferas  apcrit  fauces. 
Lastly,  they  point  out  on  an  adjoining  eminence  some  vestiges  of 
the  neighbouring  temple  to  the  goddess  Mephitis ;  and  Romanelli 
notices  an  inscription  found  on  the  road  from  Ariano  to  Montecalvo, 
which  makes  mention  of  a  votive  oflTering  presented  to  the  go^l^ess 
by  a  Roman  lady, — 

Paccia  Qnintiita  Mefiti  votum  solvit. 
dark  band  sbona  the  direction  of  the  volcanic  forces  extending  across  the 
peoiasula  from  Ischia  through  Vesuvius,  skirting  the  side  of  Lake  Amsanc- 
tus,  and  terminating  in  Mount  Vultur. 


LAKE  AMSANCTUS.  191 

I  visited  this  spot  in  the  year  1 834,  on  my  way  to  Mount 
Vultur,  and  having  descended  the  hill  on  which  Frigento 
stands,  shortly  came  upon  a  small  pool  of  water,  which,  like 
the  larger  one  to  which  attention  has  chiefly  been  directed, 
emits  a  quantity  of  gas.  This  I  collected  in  the  usual  man- 
ner, by  inverting  a  jar  full  of  water  over  the  spot  on  the  sur- 
face of  the  pool  from  which  the  bubbles  issued,  and  on  my 
return  to  Frigento  in  the  evening  submitted  it  to  chemical 
examination,  which  proved  it  to  consist  partly  of  carbonic  acid 
and  partly  of  sulphuretted  hydrogen.  After  the  removal  of 
these  two  gases  however,  there  was  a  small  residuary  quantity 
of  air,  which  contained  about  16  per  cent,  of  oxygen  and  84 
of  nitrogen. 

We  next  reached  the  narrow  valley,  or  rather  watercourse, 
in  which  the  larger  pool  of  Amsanctus  is  situated.  Nearly 
two  miles  below  it  is  a  warm  spring  which  disengages  car- 
bonic acid  and  sulphuretted  hydrogen  gases,  and  which  in 
the  lapse  of  ages  has  produced  on  either  side  of  the  water  a 
thick  deposit  of  travertine. 

A  little  beyond  us  towards  the  south  was  the  town  of  Villa 
Maina,  standing  on  an  eminence,  which  I  am  induced  to 
notice  from  a  circumstance,  stated  to  me  by  a  resident  gentle- 
man who  was  of  the  party  respecting  it,  which  seems  worthy 
of  notice. 

He  assured  me,  that  the  health  of  the  inhabitants  had  ap- 
peared to  suffer  materially,  since  the  cutting  down  of  the 
wood  which  lay  betwixt  them  and  the  mephitic  lake ;  that 
they  were  sensible  of  the  odour  proceeding  from  it  when  the 
wind  blew  from  that  quarter,  which  was  not  the  case  before ; 
and  that  they  attributed  the  insalubrity  of  the  situation  to 
that  circumstance.  My  informant  further  assured  me  that 
the  inhabitants  of  Villa  Maina  are  noted  for  the  sallowness  of 
their  complexions,  and  that  the  disease  to  which  they  are 
chiefly  subject  is  an  affection  of  the  liver  *. 

*  Fanciful  as  it  may  appear  to  connect  any  disorder  of  the  animal  func- 
tions with  the  mindte  quantity  of  a  deleterious  gas,  which  can  be  so  wafted 
to  a  distance  so  g^reat  as  four  miles  from  the  place  of  its  emission,  I  am  not 
disposed  altogether  to  pronounce  its  influence  impossible ;  for  without  being 
a  convert  to  the  doctrine  of  homoeopathy  in  the  extent  to  which  it  is  often 
carried,  I  can  conceive  that  the  long-continued  action  of  a  very  minute 


r 


198  SOI'TIIERN   ITALY. 

The  quantity  of  raephitic  vapour  which  proceeded  from 
that  quarter  was  such,  as  to  oblige  us  (the  wind  being  in  the 
north)  to  take  a  eircuit  towards  the  east  in  order  not  to  meet 
the  noxious  blast,  instances  not  unfrequently  occurring  of 
animals,  and  even  men,  who  had  imprudently  ascended  the 
ravine,  being  suffocated  by  a  sudden  gust  of  air  wafted  from 
the  lake. 

This  is  the  origin  of  tlie  fable  of  the  Vado  Mortale,  a  par- 
ticular spot  in  the  course  of  the  rivulet  that  flows  from  the 
lake,  which,  it  is  said,  cannot  be  forded  without  death,  and 
has  been  described  as  exhibiting  on  its  borders  an  accumu- 
lation of  the  whitened  bones  of  the  various  animals  that  had 
perished  there,  destined  to  continue  for  ever  on  the  spot  where 
they  fell,  because  no  living  creature  can  approach  to  take  them 
away  without  adding  to  their  number. 

The  wonders  of  the  Lake  Amsanctus  are  sufficiently  striking 
without  any  such  exaggeration  ;  no  bones  existed  in  the  valley 
at  the  time  I  visited  it,  except  a  few  belonging  to  some  birds, 
which  in  crossing  the  valley  had  been  arrested  on  their  wing 
by  the  noxious  effluvia,  as  was  the  case  at  the  Lake  Avernus 
of  old ;  neither  even  close  to  the  lake,  where  the  evolution  of 
gas  is  most  abundant,  is  there  any  point  at  all  times  unap- 
proachable, for  we  ourselves  were  able  to  reach  its  edge  on  the 
side  from  whence  the  wind  was  blowing. 

I  have  afready  stated  that  the  pool  itself  stands  in  a  part 
of  the  ravine  which  is  widened  out  considerably,  contracting 
again  to  its  original  dimensions  below.  It  has  been  stated 
as  being  about  twenty  paces  in  its  smallest  diameter  and  thirty 
in  its  largest,  which  I  conceive  to  be  near  the  truth ;  and  its 
depth  is  said  to  vary  from  six  to  seven  feet.     From  the  quan- 

quantitf  of  a  noxioua  ingredient  may  sensibly  influDnce  the  system,  whilst 
an  ioGnitely  larger  dose  applied  during  a  short  space  of  time  may  be  thrown 
off  without  io convenience,  in  consequence  of  the  resistance  which  the  vital 
principle  opposes  to  its  iotroduction,  or  as  our  predecessors  in  the  medical 
art  preferred  to  desominate  it,  the  via  mpdicalrix  nalnriE.  Thus  it  ia  at  least 
nut  absurd  to  suppose,  that  an  individual  who  had  exposed  himself  for 
some  hours  to  these  vapours  within  the  crater  of  Veiuviua,  In  the  most 
concentrated  state  in  which  they  can  be  endured  without  subsequent  in- 
jury, might  be  affected  by  inhaling  during  many  years  a  very  minute  por- 
tion of  the  same,  wafted  from  the  Lake  Amsanctus  whenever  the  winds 
set  in  that  direction. 
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tity  of  gas  which  is  continually  escaping,  it  appears  to  be 
throughout  in  a  state  of  violent  ebullition,  but  its  temperature 
little,  if  at  all,  exceeded  that  of  the  surrounding  atmosphere. 

The  colour  of  the  water  is  dark  and  muddy  from  the  quan- 
tity of  sediment  projected  towards  the  surface,  owing  to  the 
constant  agitation  into  which  the  pool  is  thrown  by  the  gas 
that  rises  up  through  it ;  its  taste  strongly  bespeaks  the  pre- 
sence of  alum,  which  is  said  to  render  it  efficacious  in  the 
cure  of  certain  diseases  of  cattle. 

One  of  the  guides  who  approached  its  edge  filled  a  bottle 
with  the  water ;  but  to  have  collected  the  gas  itself  would 
have  been  a  perilous  attempt.  I  can  only  infer  therefore 
that  it  resembles  that  which  issued  in  smaller  quantity  from 
a  more  inconsiderable  pool  within  a  hundred  yards  of  the 
spot,  and  which  consisted  mainly  of  carbonic  acid  gas.  The 
smell  however  plainly  indicated  that  sulphuretted  hydrogen 
was  likewise  emitted  at  the  former  vent,  and  the  consequences 
of  the  long-continued  action  of  this  gas  upon  the  constituents 
of  the  contiguous  rock  was  not  the  least  interesting  and  in- 
structive pbaenomenon  presented  in  this  locality. 

The  rock  itself,  everywhere  in  the  vicinity  of  the  Lago 
di  Ansanto,  is  the  common  blue  fissile  limestone  interstra- 
tified  with  beds  of  grit,  which  had  accompanied  us  from 
Avellino.  There  is  nothing  that  reminds  us  of  volcanic 
action  except  about  the  lake,  where  those  products  which 
usually  are  found  in  solfataras  and  in  other  spots  exposed  to 
the  action  of  sulphureous  vapours  abound. 

Thus  the  rock  immediately  round  the  pool  consists  of  a 
pulverulent  earthy  substance,  derived  from  the  conversion  of 
the  carbonate  into  sulphate  of  lime,  and  the  production  of 
alum  from  the  union  of  the  same  acid  with  alumina ;  sulphur 
derived  from  the  sulphuretted  hydrogen  gas  also  impregnates 
it  in  sufficient  quantity  to  be  worth  collecting ;  and  in  some 
places  the  colour  and  smell  indicate  the  presence  of  petro- 
leum, disengaged  along  with  the  sulphur  from  the  depths 
below. 

Moreover,  as  a  proof  that  this  action  is  not  altogether  local, 
and  that  it  is  capable  of  producing  effects  on  a  scale  commen- 
surate to  those  exhibited  in  several  of  our  rock  formations,  a 
bed  of  gypsum  nowise  different  from  those  of  many  tertiary 
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deposits  may  be  noticed  as  occurring  at  a  short  distance, 
resting  upon  the  Apennine  hoieatone. 

It  is  interesting  to  remark,  that  the  position  of  this  spot  is 
almost  exactly  intermediate  between  the  active  volcano  of 
Vesuvius  and  the  extinct  one  of  Mount  Vultur,  and  that  a 
straight  line  drawn  from  the  one  to  the  other,  and  which 
might  likewise  be  extended  on  to  the  volcanic  island  of  Iscbia, 
would  pass  within  a  mile  or  two  of  this  mephitic  lake  *. 

From  the  neighbouring  eminence  on  which  Frigento  ta 
situated,  the  summits  uf  both  mountains  were  alike  visible ; 
and  it  was  stated  to  me  on  the  spot,  that  when  Vesuvius  was 
in  a  state  of  activity,  an  unusual  quantity  of  gas  was  dis- 
engaged from  Amsanctus.  Hence  it  seems  probable  that  the 
same  elements  of  volcanic  activity  exist  underneath  the  earth 
ail  across  the  peninsula,  although  these  elements  may  be 
called  into  more  intense  action  on  either  side  of  the  Apen- 
nine chain,  by  the  proximity  of  sea  water,  or  by  some  other 
circumstances  which  do  not  occur  in  the  central  portion  of 
the  chain. 

■  See  the  poiot  at  which  the  Lake  of  AmaaocIUB  stands  with  reference 
to  these  other  mountains,  marked  aa  the  '  Map  of  a  portion  of  the  kingdom 
of  Naples'  appended  to  this  volume. 
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CHAPTER  XIL 

SOUTHERN  ITALY  (Continued). 

• 

Neighboarhood  of  Naples — Phlegrean  Fields — Tuff  or  Puzzolana — its 
height  and  extent  —  Grotto  of  Posilippo  —  Lake  Agnano — Grotto  del 
Cane — Lake  Avernus — Monte  Barbara— A stroni — other  craters  in  the 
tuff. — Trachyte — Piperno — proofs  of  elevation — Temple  of  Puzzuoli  — 
Monte  Nuovo — Solfatara — action  of  the  gases  emitted  upon  this  rock 
— lava- stream  given  out  from  it. — Vesuvius — its  condition  prior  to  the 
Christian  ara — first  recorded  eruption — history  of  its  eruptions  up  to 
1845 — products  of  its  eruptions — its  lavas — distinction  between  those 
of  Soroma  and  Vesuvius. — Monte  Somma — how  formed — ejected  masses 
— list  of  minerals,  &c. — gaseous  products  evolved. 

I  NEXT  proceed  to  the  third  and  most  important  system  of 
volcanos  in  the  South  of  Italy^  which  is  exhibited  in  the  im- 
mediate neighbourhood  of  Naples  itself. 

The  fundamental  rock  througliout  the  district^  so  far  as  our 
present  knowledge  extends^  appears  to  be  the  Apennine  lime- 
stone,  which  some  geologists  refer  to  the  Jura^  and  others  to 
the  Chalk  formation,  but  which  seems  to  be  identified  with  the 
latter  by  the  presence  in  it  of  Hippu rites  and  of  certain  spe- 
cies offish  (Pycnodus  rhombusy  Agassiz). 

This,  though  covered  by  alluvial  or  supracretaceous  beds  in 
many  places  near  the  coast  of  the  Mediterranean,  rises  into 
the  high  clifis  of  Sorrento  and  of  the  contiguous  island  of 
Capri,  and  is  seen  again  bounding  the  Terra  di  Lavoro,  near 
Capua,  at  Caserta,  &c. 

It  is  remarkable  that  this  rock  appears  to  present  no  indi- 
cations of  igneous  action ;  at  least  I  have  never  observed  my- 
self, nor  have  I  seen  described  by  others,  any  trap-dykes 
penetrating  its  substance,  or  interfering  with  its  stratification. 
Thus  there  was  a  time,  as  it  would  seem,  in  the  history  of  our 
planet,  when  the  neighbourhood  of  Naples  was  exempt  from 
the  influence  of  those  igneous  operations  which  are  now  so 
prevalent  throughout  every  part  of  it. 

Not  only  indeed  was  the  Apennine  limestone  deposited, 

o  2 
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but  the  whole  of  its  surface  wns  in  great  measure  moulded 
into  its  present  configu  ratio  it,  before  any  products  of  volcanic 
action  began  to  be  emitted. 

The  oldest  of  these  is  a  tuff  of  a  Diiture  similar  to  that  which 
has  been  so  often  before  described,  and  yet  this  is  posterior  tu 
many  of  the  limestone  valleys,  as  beds  of  it  are  seen  filling  up 
thuir  hollows,  not  only  near  Naples  itaelf,  but  in  the  valley 
of  Maddcloni  near  Caserta;  uear  Sorrento,  insinuating  itaelf 
into  the  narrow  goi^s  existing  in  the  Apennine  limestone ; 
and  even  rising  so  high  as  Pagaiii,  a  village  situated  in  a  hol- 
low uot  far  from  the  summit  of  the  Sorrentinc  hills. 

Thick  beds  of  tuff  also  extend  nearly  to  Salerno  through 
the  valley  of  Nocera,  about  Ponta,  and  several  miles  east  of 
Avelliuo,  spreading  to  a  considerable  distance  up  the  slopes 
of  the  Apennines. 

The  basis  of  this  tuff  is  for  the  most  part  of  a  straw-yellow 
colour,  dull  and  hard  to  the  feel,  with  an  earthy  fracture,  and 
conimotily  a  loose  degree  of  consistency.  It  seems  to  be  made 
up  of  comminuted  portions  of  pumice  formed  into  a  kind  of 
paste,  in  which  are  imbedded  fragments  of  pumice,  obsidian, 
trachyte,  and  many  other  varieties  of  compact  as  well  as  of 
cellular  lava,  the  softer  kinds  orten  rounded,  the  harder  mostly 
angular.  It  is  regularly  stratified,  and  alternates  with  beds 
of  loose  uncemented  pumice,  of  ferruginous  sand,  of  loam, 
and  in  one  or  two  cases  of  calc-sinter,  in  which  fragments  of 
limestone  are  impacted. 

As  I  did  not  myself  succeed  in  detecting  any  kind  of  rock, 
except  of  a  volcanic  nature,  imbedded  in  the  tuff,  and  as  the 
new  road  constructed  round  the  promontory  of  Nisida  gives 
us  now  a  good  opportunity  of  examining  it,  I  apprehend  such 
specimens  are  not  common. 

Sir  W,  Hamilton  however  long  ago  detected  sheila  in  this 
rock,  and  the  fact  has  been  confirmed  by  more  recent  obser- 
vations, for  Monticelli  enumerates  oslretc,  cardia  and  pectens 
in  the  tuff  of  Puzzuoh ;  Professor  Pilla  a  large  ostrea  and  a 
Iwrge  pectvnculwt  at  the  castle  of  St.  Elmo  overlooking  Naples  ; 
and  Mr.  Scrope,  oslreee,  cardia,  buccina,  and  patella  in  the 
promontory  of  Posilippo — shells,  be  it  observed,  existing  for 
the  most  part  at  present  in  the  Mediterranean. 

1  observed  at  (.'npii  di  Monte,  just  above  the  city  of  Naples. 
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veins  of  a  harder  variety  of  tuff  penetrating  the  rock.  The 
matter  composing  these  veins  in  their  most  compact  form 
approaches  nearly  to  porcelain  jasper,  is  splintery,  and  has  a 
conchoidal  fracture.  In  these  cases  its  surface  is  smooth  and 
its  texture  uniform,  but  when  it  is  traced  on,  we  discover  in  it 
a  fragmentary  structure,  bits  of  obsidian,  porphyry,  pumice, 
and  lapilli  of  various  sizes  and  kinds  being  imbedded  in  the 
same  paste.  In  other  instances  little  veins  of  the  same  frag- 
mentary variety  of  rock  pass  through  the  substance  of  the 
compact  and  uniform  kind.  The  harder  varieties  of  tuff  here 
described  as  veins  contain  specks  of  mica  disseminated  through 
them.  The  bed  of  tuff  underneath  it  is  of  a  very  loose  con- 
sistence, and  is  composed  principally  of  a  congeries  of  grains 
of  sand  and  lapilli. 

We  are  naturally  disposed  to  attribute  the  origin  of  this 
variety  of  tuff  to  fissures  existing  in  the  bed,  which  were  sub- 
sequently filled  up  by  water  holding  suspended  the  finer  par- 
ticles of  the  same  material,  the  only  question  being,  whether 
the  hardness  of  the  resulting  vein,  and  its  occasional  passage 
into  the  surrounding  parts  of  the  bed,  imply  the  subsequent 
operation  of  heat  upon  its  materials. 

The  volcanic  tufa  spreads  over  the  whole  region  compre- 
hended between  the  Apennines  and  the  Mediterranean,  within 
the  limits  embraced  by  the  Bay  of  Naples,  beginning  a  little 
north  of  Cumae,  and  extending  south  to  that  arm  of  the  Apen- 
nines which  forms  the  mountain-chain  of  Sorrento. 

Its  height  in  many  places  near  Naples  is  very  considerable 
— the  hill  of  the  Camalduli,  1643  feet  above  the  sea,  and  the 
most  elevated  point  next  to  Vesuvius  in  the  whole  country, 
being  composed  of  it ;  and  to  the  west  of  Naples  it  forms  a 
sort  of  wall  so  lofty  and  abrupt,  that  the  former  inhabitants 
of  the  country  apparently  found  it  easier  to  avail  themselves 
of  the  soft  and  friable  nature  of  the  stone,  and  to  cut  through, 
than  to  make  a  road  over  it. 

This  is  the  origin  of  the  celebrated  Grotto  of  Posilippo,  a 
cavern  363  toises,  or  2178  feet  in  length,  50  feet  in  height, 
and  18  in  breadth,  which  strikes  every  stranger  with  surprise 
from  the  mass  of  rock  cut  through,  until  he  reflects  at  the 
ease  with  which  a  stone  of  such  a  description  admits  of  being 
hollowed  out. 
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This  itnmcnac  ina*s  of  Puzzoliinn  forms  some  considerable 
hilla  round  Naples,  many  of  which,  as  the  Monte  Barbaro, 
Astroui  and  others,  have  very  regular  craters,  but  do  not 
appear  to  have  thrown  out  any  currents  of  lava. 

The  Lake  Agnano  has  every  appearance  of  occupying  the 
original  site  of  a  crater,  as  the  strata,  whose  edges  are  visible 
in  its  interior,  instead  of  having  a  corresponding  dip  on  the 
opposite  sides  of  the  cavity,  as  is  commonly  the  case  with 
valleys  formed  by  denudation,  seem  on  the  contrary  to  slope 
in  all  directions  away  from  the  crater,  just  as  would  happen 
il'  the  strata  had  been  thrown  up  by  a  force  acting  from 
below. 

The  volcanic  action  here,  as  in  many  other  places  round 
Naples,  appears  hardly  extinct,  for  there  are  exhalations  of 
warm  vapour  impregnated  with  sulphuretted  hydrogen  con- 
stantly rising  near  tlie  lake,  whicli  are  much  esteemed  in 
various  complaints. 

I  tried  with  iuccess  the  curious  experiment  or  lighting  a  piece  of 
paper  in  contact  with  one  of  the  crevicCB  from  wliicli  the  vapour 
iesues.  tlic  immediate  effect  of  which  is  to  cause  a.  more  abundant 
evolution  of  ^b  from  this  point,  owing,  as  I  supposed,  to  a  local 
rarefaction  of  the  nir  caused  by  the  beiit  applied,  which  produced  a 
partial  vacuum,  and  thus  determined  to  tbia  point  more  of  the  elastic 
vapour  from  the  interior  of  the  cavern. 

M.  Firia  however  has  proposed  a  different  explanation*,  regarding 
it  u»  a  catalytic  action,  similar  to  that  which  spongy  platinum  exerts 
upon  hydrogen  gas.  He  finds  that  charcoal  and  many  other  anb- 
atances  in  a  state  of  incandescence,  brought  near  a  volume  of  sul- 
phuretted hydrogen  gas,  cause  the  production  of  sulphurous  acid  and 
water,  and  he  infers  that  this  is  not  simply  the  effect  of  beat,  because 
glass  and  some  other  bodies  heated  as  strongly  do  not  produce  the 
same.  Hence  when  a  piece  of  lighted  paper  is  brought  near  a  cre- 
vice from  which  sulphuretted  hydrogen  is  slowly  escaping,  it  occa- 
sions a  decomposition  of  the  gas,  and  an  evolution  of  steam  and  sul- 
phurous acid  from  that  point.  Fragments  of  lava  act  upon  the  gas 
just  as  carbon  does,  and  hence  heated  lava  may  produce  fiunarolcs 
by  decomposing  the  gas  just  where  it  escapee  from  the  earth. 

The  celebrated  Grotto  del  Cane,  situated  on  its  borders,  is 
constantly  giving  out  volumes  of  carbonic  acid  gas,  containing 

•  See  Comptes  Rendus,  1840,  torn.  ii.  p.  352. 
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in  combination  much  aqueoua  vapour,  which  is  condensed  by 
the  coldness  of  the  external  air,  thus  proving  the  more  exalted 
temperature  of  the  spot  from  whence  it  proceeded. 

The  mouth  of  the  cavern  being  somewhat  more  elevated  than  its 
interior,  a  stratum  of  carbonic  acid  goes  on  constantly  accumulating 
at  bottom,  but  upon  rising  above  the  level  of  its  mouth  flows  like  so 
much  water  over  the  brim.  Hence  the  upper  part  of  the  cavern  is 
free  from  any  noxious  vapour,  but  the  air  of  that  below  is  so  fiilly 
impregnated,  that  it  proves  speedily  fatal  to  any  animal  that  is  im- 
mersed in  it,  as  is  shown  to  all  strangers  by  the  well-known  experi- 
ment with  the  dog. 

The  sensation  I  experienced,  on  stooping  my  head  for  a  moment 
to  the  bottom,  resembled  that  of  which  we  are  sometimes  sensible  on 
drinking  a  large  glass  of  soda-water  in  a  state  of  brisk  effervescence. 
The  cause  in  both  instances  is  plainly  the  same. 

The  quantity  of  carbonic  acid  present  in  the  cavern  at  various 
heights  was  shown,  by  immersing  in  it  various  combustibles  in  a 
state  of  inflammation.  I  found  that  phosphorus  would  continue 
lighted  at  about  two  feet  from  the  bottom*,  whilst  a  sulphur-match 
went  out  a  few  inches  above,  and  a  wax-taper  at  a  still  higher  level. 

It  was  impossible  to  Are  a  pistol  at  the  bottom  of  the  cavern,  for 
though  gunpowder  may  be  exploded  even  in  carbonic  acid  by  the 
application  of  a  heat  sufficient  to  decompose  the  nitre,  and  conse- 
quently to  envelope  the  mass  in  an  atmosphere  of  oxygen  gas,  yet 
the  mere  influence  of  a  spark  from  steel  produces  too  slight  an  aug« 
mentation  of  temperature  for  this  purpose. 

It  is  probable  that  the  Lake  Avemus  may  likewise  have 
been  the  crater  of  a  volcano,  and  afterwards  a  channel  for  the 
escape  of  gases  generated  by  the  same  cause,  a  supposition 
which  will  account  for  the  noxious  properties  attributed  to  it 
by  the  ancients  f : — 

*  Forsyth  has  erroneously  stated  that  though  torches  of  gunpowder  lose 
their  inflammability  there,  yet  phosphorus  resists  the  carbonic  acid. 

t  When  we  consider  the  considerable  specific  gravity  of  sulphuretted 
hydrogen  gas,  it  is  very  reasonable  to  suppose  that  the  thick  woods  which 
in  former  times  surrounded  the  Lake  Avernus  would  favour  materially  the 
accumulation  of  this  noxious  vapour.  The  surface  of  the  lake,  screened 
from  the  access  of  the  winds  in  every  quarter,  must  have  been  covered  with 
a  thick  stratum  of  unrespirable  gas  which  would  be  very  slowly  dissipated. 
If  carbonic  acid  were  present,  the  same  thing  would  take  place  with  this  in 
even  a  much  greater  degree  than  with  the  former.  But  when  the  woods 
were  cut  down,  as  we  are  told  was  done  by  Agrippa,  the  air  of  the  lake 
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Qiiam  super  hauJ  allx  ]>oterant  liupuDe  vuluDtra 
Tendere  iter  pcnnis :  talis  asm  hal 
Faucibus  effundcns  aupera  od  convcxu  ferebat 
Undp  locam  Grxci  dixerunt  nuiiiinc  Aarnon. 

At  present  no  such  exhalatioDS  are  given  out,  and  birds 
seem  to  resort  to  it  as  much  as  to  any  lake  near  Naples, 

The  Lakes  of  Agnano  aud  Avernua  then  are  examples  of 
craters  converted  into  lakes,  and  may  be  compared  with  those 
of  the  Eifel  district  noticed  in  the  fourtli  chapter. 

The  circumstances  indeed  under  which  the  volcanic  action 
was  manii'ested  in  both  these  countries  seem  to  have  borne 
to  each  other  a  considerable  analogy,  as  what  we  observe  is 
not  a  single  lofty  conical  motintain,  like  /Etna  or  Vesuvius, 
from  which  streams  of  lava  have  successively  been  derived, 
but  either  a  series  of  circular  depressions  in  the  midst  of  the 
Puzzolana,  as  those  of  Avernus  and  Agnano,  or  certain  com- 
paratively low  hills  with  craters  rising  out  of  them,  which  in 
most  instances  appear  to  have  given  vent  solely  to  exhalations 
of  gaseous  matters,  or  to  ejections  of  scoria, 

Of  these  the  Monte  Barbaro  *  is  probably  the  most  elevated ; 
it  has  a  crater  on  its  summit,  one  side  of  which  is  broken 
away,  and  its  extreme  antiquity  is  manifested  by  the  circum- 
stBDoe  of  its  surface  being  covered  with  verdure.     A  single 

would  become  continually  intermixed  with  the  surrounding  atmosphere,  bo 
that,  unleee  ft  pretty  rapid  disengagemeat  of  gas  took  place,  the  noKious 
qualities  would  cease.  This  coincides  with  the  accounts  of  Strabo,  Silius 
Italicus,  and  other  classical  writers. 

•  This  mountain  is  frequently  noticed  in  ancient  writers  under  the  name 
of  Gaurus,  and  was  famous  for  its  vineyards.  The  fallowing  elegant  liues 
by  Aurelius  Symmachus,  one  of  the  later  Latin  poets,  allude  to  this,  as 
well  as  to  the  heat  of  the  water  near  its  foot  :~ 

Ubi  corniger  Lyieas 

O  pel  it  superna  Gauri ; 

Vulcanus  Eestuosia 

Media  incoquit  cavernis ; 

Tenet  ima  pjsce  multu 

Thetis,  et  vagae  torores  : 

Calet  unda,  friget  £thra ; 

Simul  innatat  chorcia 

Amathusias  renidens, 

Salis  arbitra,  et  vapotis, 
Flos  si  denim,  Dione. 


farm-houBe  indeed  is  seen  in  the  interior  of  the  crater,  in  the 
most  solitary  situation  probably  that  could  have  been  chosen 
within  so  short  a  distance  of  a  great  capital. 

Another  remarkable  crater  is  that  of  Astroni,  the  perfect 
condition  of  which  has  caused  it  to  be  selected  by  the  King 
of  Naples  as  a  preserve  for  bis  wild  boar  and  other  animals 
destined  for  the  chase ;  it  is  a  circular  cavity,  nearly  a  mile 
in  diameter,  the  walls  of  which  are  formed  of  a  congeries  of 
scorise,  pumice,  and  other  ejected  materials,  in  regular  strata 
dipping  away  in  all  directions  from  the  centre,  which,  as  at 
RoccB  Monfina,  is  occupied  by  a  boss  of  trachyte  protruding 
above  the  level  of  the  cavity  to  the  height  of  200  feet. 
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Hillock  of  TVachyle  in  the  «n(re  of  thf  Crater  of  Elevation  of  Astroni. 


If  we  believe  Breislac,  the  number  of  craters  of  which  in- 
dications exist  in  the  neighbourhood  of  Naples  amount  to  no 
less  than  twenty-seven ;  but  after  the  specimen  we  have  al- 
ready had  of  the  readiness  with  which  that  geologist  has 
imagined  craters  to  exist  on  the  very  site  of  ancient  Rome, 
where  recent  observers  altogether  deny  the  existence  of  any, 
we  naturally  feel  suspicious  of  his  authority  on  such  a  subject, 
especially  as  he  does  not  appear  to  have  applied  the  only  tat 
by  which  hollows  that  establish  the  existence  of  craters  can 
be  clearly  distinguished  from  those  derived  from  other  causes, 
— I  mean  the  direction  of  the  strata  composing  their  walls. 

These,  it  is  evident,  ought  in  the  case  of  a  valley  of  denu- 
dation to  possess  a  similar  inclination  and  dip  on  the  opposite 
sides;  whereas  in  a  crater  they  will  diverge  in  all  directions 
from  the  original  centre  of  the  cavity. 

In  the  following  sketches  A  represents  a  valley  originally 
formed  by  water,  B  one  resulting  from  a  crater  partially  de- 
stroyed : — 


f'all*3 /armed  out  of  a  Crater.  VaUey  formed  6j  Denudation. 


It  may  also  be  remarked,  that  if  we  only  grant  the  Puzzo- 
lana  to  have  been  subjected  to  the  action  of  water  since  its 
deposition,  the  existence  of  many  boUon's  and  other  irregu- 
iaritiea  of  surface,  which  Brcislac  regards  as  the  remains  of 
craters,  is  readily  explained;  for  it  is  evident  that  a  rock  of 
so  soft  and  yielding  a  texture  ought,  of  all  others,  to  exhibit 
the  most  decided  evidences  of  what  has  been  called  diluvial 
action. 

Nevertheless  there  seems  no  doubt  that  the  promontory  of 
Cape  Miaenum  formed  a  portion  of  the  margin  of  a  crater, 
whilst  the  rock  facing  it,  which  is  interposed  between  the 
Mare  Morto  and  the  Lake  of  Fusaro,  constitutes  a  portion 
of  its  opposite  lip,  the  Mare  Morto  itself  occupying  what  was 
once  the  interior  of  the  crater, 

'  The  island  of  Nisida  also  appeara  to  have  comprised  within 
itself  a  volcanic  crater,  one  side  of  which,  forming  the  entrance 
to  the  Porto  Pavone,  is  broken  away ;  the  basin-shaped  cavity 
in  which  the  village  of  Pianura  is  situated  seems  to  have  been 
a  third ;  and  others  have  been  pointed  out  by  more  recent 
writers. 

It  is  unnecessary  however  for  our  present  purpose  to  go 
through  the  entire  list,  as  even  if  we  limit  the  craters  that 
eiiisted  in  the  Phlegrean  fieldB  to  those  of  which  present  ap- 
pearances leave  no  doubt,  their  number  will  be  sufficient  to 
give  us  a  frightful  picture  of  the  condition  of  the  country  at 
an  early  period  of  history,  and  serve  to  account  for  the  fables 
of  the  poets,  who  imagined  the  entrance  to  the  infernal  shades 
to  lie  among  these  recesses. 

It  was  not  then,  as  at  present,  a  single  mountain  which 
sent  forth  flames  and  melted  matters  at  certain  intervals,  and 
secured  a  comparative  immunity  to  the  rest  of  the  district; 
but  there  would  appear  to  have  been  a  constant  exhalation 


FORMER  STATE  OF  THE  PHLEGREAN  FIELDS.  203 

of  noxious  vapours  from  a  variety  of  orifices,  attended  with 
earthquakes,  and  other  phsenomena  which  bespeak  the  ope- 
ration of  volcanic  agency  over  a  widely-extended  surface. 

If  then  the  early  settlers  in  Sicily  were  so  alarmed  at  the 
eruptions  of  Mount  ^Etna  as  to  fly  to  some  other  part  of  the 
island^  and  if  in  modern  times,  among  the  Canaries,  the  in- 
habitants of  Lancerote  were  compelled  to  migrate  on  account 
of  the  ravages  made  upon  their  possessions  during  a  succes- 
sion of  years  by  subterranean  fire,  it  is  not  unnatural,  that 
the  picture  which  Homer  had  received  of  the  Phlegrean  fields 
should  have  been  so  terrific,  as  to  have  led  him  to  describe 
them*  as  placed  at  the  utmost  limits  of  the  habitable  world, 
imenUghtened  either  by4he  rising  or  setting  sun,  with  groves 
consecrated  to  Proserpine,  rivers  with  streams  of  fire,  and 
enveloped  in  an  eternal  gloom.  These  ideas  would  be  con- 
firmed, if  we  imagine  that  the  Cimmerians,  who  first  peopled 
the  country,  lived  in  those  caverns  and  hollows  of  the  rock 
which  now  exist,  and  were  thus  by  the  very  nature  of  their 
habitations  shut  out  from  the  light  of  day  f. 

Such  a  picture  indeed  accords  very  little  with  the  ideas 
suggested  by  the  luxuriance  of  modem  Campania ;  but  it 
must  be  recollected  that  at  the  time  when  Homer  wrote,  that 
luxuriance  had  not  yet  been  developed  by  cultivation,  and 

•  Odyssey,  K.  A. 

t  I  have  noticed  in  my  memoir  on  Sicily  (Edinb.  Journal)  the  existence 
of  artificial  caverns,  i^rhich  we  hardly  know  whether  to  consider  as  the 
dwellings  or  burial-places  of  the  early  inhabitants.  Though  wretched 
abodes,  they  would  at  least  be  preferable  to  those  from  which  I  have  my- 
self seen  the  Cyganis  of  Hungary  creep  out,  which  were  literally  holes  in 
the  ground,  in  which  they  burrow  Uke  the  Troglodytes  of  old.  Capt.  Lyon 
has  described  similar  residences  in  Northern  Africa  (»ee  his  Travels,  p.  25). 
But  there  can  be  no  doubt,  from  the  number  of  caverns  noticed  by  travellers 
in  the  East  (see  particularly  Buckingham's  Travels  in  Palestine,  p.  113), 
as  well  as  from  history,  sacred  and  profane,  that  the  practice  of  hollowing 
oat  the  rocks  of  the  country  for  habitations  in  many  instances  long  super- 
seded the  use  of  them  for  erecting  regular  houses.  No  rock  however  affords 
facilities  for  this  practice  equal  to  the  tuff  of  volcanos,  and  accordingly, 
wherever  this  occurs,  we  find  even  at  this  day  that  dwelling-places  are  ex- 
cavated in  it.  Such  is  the  case  in  Ischia,  in  Auvergne,  and  in  the  Vivarais. 
That  the  Puzzolana  of  Naples  therefore  should  be  hollowed  out  for  this 
purpose  is  no  more  than  we  might  reasonably  expect. 
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that  nhitsl  tlic  recent  occuiTcnce  of  the  cruptioiis  may  have 
(it-voted  many  parts  to  a  temporary  sterility,  others  would  be 
overshadowed  with  thick  and  gloomy  forests. 

We  have  already  alluded  to  the  trachytic  blocks  which  are 
found  nmongi^t  the  materials  of  the  tufaceous  deposit,  and 
must  therefore  admit  that  trachyte  was  formed  at  an  antece- 
dent period.  Nevertheless  there  seems  good  reason  for  sup- 
posing that  this  latter  rock  has  been  heaved  up  in  a  pasty 
condition  here,  as  at  the  Puj  de  Dome  in  Auvergne,  in  more 
than  one  spot  included  within  the  district  we  arc  considering, 
since  the  deposition  of  the  tuff. 

At  Pianura,  a  circular  plain  at  t^  foot  of  the  northern 
escarpment  of  the  hill  of  Camalduli,  we  observe  a  singular 
description  of  rock  called  Pipemo,  extensively  quarried  for 
the  steps  of  bouses,  sills  of  windows,  and  other  building  pur- 
poses at  Naples.  It  may  be  described  as  a  sort  of  volcanic 
breccia,  bearing  the  same  relation  to  the  ordinary  tuff,  which 
Sienna  marble  does  to  an  ordinary  puddingstone,  contaiuing 
the  same  fragments  of  volcanic  matter  as  the  latter,  but  with 
the  imbedded  fragments  so  blended  with  the  cementing  ma- 
terial as  to  appear  like  a  part  of  the  same. 

These  fragments,  which  are  sometimes  without,  but  more 
commonly  with  cells,  are  often  compressed  and  lengthened 
out  in  a  horizontal  direction,  and  are  imbedded  in  a  whitish 
paste  similar  to  ordinary  tuff,  but  more  compact. 

The  impression  which  the  appearance  of  Piperno  created 
in  my  mind  when  I  visited  the  spot  in  1 834,  was  that  of  a  bed 
of  ordinary  tuff,  which,  after  it  was  originally  deposited,  bad 
been  subjected  to  the  action  of  heat  under  pressure,  and  in 
this  manner  had  undergone  a  kind  of  partial  fusion. 

Dufrenoy  however  considers  it  a  variety  of  trachyte,  con- 
sisting of  fragments  of  this  rock  agglutinated  by  a  paste  of 
the  same  natxtre ;  but  by  whatever  name  we  choose  to  desig- 
nate it,  its  position  underneath  the  beds  of  real  tuff,  nhich 
dip  in  both  directions  at  a  high  angle  away  from  the  central 
point  occupied  by  it,  seems  to  indicate,  that  it  has  been  ejected 
from  beneath  since  the  deposition  of  the  tuff. 

The  subjoined  woodcut,  taken  from  a  sketch  given  by  De 
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Beaumont  and  Dufrenoy  in  their  memoir  on  the  volcanic 
formations  about  Naples*,  will  serve  to  illustrate  the  text: — 


Camalduli. 


Fianura. 


Lake  of  Agnano. 


Disposition  of  the  beds  of  pumiceous  Tuff  and  of  Trachytic  Pipemo  between 

Pianura  and  the  Lake  of  Agnano. 

Its  thickness  indeed  is  unknown,  but  the  galleries  driven 
into  it  for  the  purpose  of  extracting  the  stone  show  that  it 
extends  at  least  forty  feet  beneath  the  surface. 

A  bed  of  pumiceous  tuff  rests  upon  it,  and  a  long  series  of 
others  of  various  kinds  and  consistencv  extend  to  the  summit 
of  the  precipitous  hill  of  the  Camalduli,  dipping  gently  to- 
wards Naples,  and  presenting  their  perpendicular  escarpments 
in  the  direction  of  Pianura. 

A  still  more  distinct  case  of  the  upheaving  of  a  solid  mass 
of  trachyte  is  seen  in  the  crater  of  Astroni,  where,  as  above 
represented,  we  observe  the  beds  of  tuff  which  form  the  walls 
of  the  crater  dipping  in  all  directions  at  a  high  angle  away 
from  the  trachytic  rock  in  the  centre. 

The  same  disposition  is  observed  in  the  crater  of  the  Sol- 
fatara,  where  a  trachytic  rock  much  altered  by  the  action  of 
gaseous  emanations  forms  the  nucleus  of  the  mountain. 

Now  in  all  these  instances,  the  high  angle  at  which  the  beds 
of  tuff  which  mantle  round  the  trachyte  are  inclined  seems  to 
show,  that  the  latter  has  been  protruded  subsequently  to  the 
deposition  of  the  tuff,  not  that  the  tuff  was  deposited  round 
trachytic  nuclei  previously  existing. 

The  subjoined  woodcut  from  the  memoir  above-quoted  may 
serve  to  illustrate  the  relative  position  of  the  trachyte  and  the 
tuff  of  the  Solfatara: — 

Fumaroles. 


Relation  of  tfie  Trachyte  and  the  Tvff  at  the  Solfatara, 


*  Annates  des  Mines,  3rd  series,  torn.  xi. 
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Dufreao}',  considering  that  the  tulkceims  (lefwHit  which 
riaeB  at  present  to  so  great  a  height  must  formerly  have  been 
under  the  level  of  the  sea,  attributes  the  elevation  of  this 
enormous  mass  to  the  trachyte,  which  has  in  these  three 
instances  found  its  way  to  the  surface,  and  which  he  supposes 
to  underlie  the  tuff. 

Just  as  in  Auvergue  a  vast  sheet  of  trachyte  has  been 
heaved  up  in  a  convex  form,  so  as  to  constitute  the  mountain 
groups  of  Cantal  and  of  Mont  Dor,  so  we  may  suppose  a  mass 
of  the  same  material  to  have  been  uplilled  underneath  this 
portion  of  the  Neapolitan  territory,  although  concealed  from 
our  view,  excepting  in  those  few  locubties,  by  vast  masses  of  , 
superincumbent  tuff. 

This  however  is  not  the  time  to  enlarge  upon  such  points 
of  theory;  confining  myself  therefore  to  facts,  1  will  next 
allude  to  one  or  two  cases,  in  which,  at  a  more  modern  epoch 
than  the  one  referred  to,  a  partial  elevation  of  the  laud  is  sup- 
posed to  have  taken  place. 

The  first  of  tlieae  relates  lo  the  temple  of  Serapis,  near  the  town 
of  Puzzuoli,  the  phaenomena  of  which  appear  to  indicate,  thai  the  sea 
has  twice  changed  ita  level  with  reference  to  this  coast  since  the 
Christian  iera. 

The  facts  that  have  led  to  this  conjecture  are, — 

1st,  That  the  floor  of  the  temple  is  at  present  somewhat  below 
high-water  mark,  and  consequently  exposed  to  the  rushing  in  of 
the  sea,  which  it  is  presumed  was  not  the  case  when  it  was 
founded. 

'indly,  I'hat  the  pillars,  which  yet  remaiii  standing,  are  perforated 
by  boring-shells  (the  modiola  litkophaga  of  Lamarck)  at  a  height  of 
about  sixteen  feet  from  tlieir  base,  which  implies  that  at  some  inter- 
mediate period  the  sea-water  must  have  stood  at  this  level. 

Now  it  must  in  the  first  place  be  conceded,  that  the  suppoailion 
of  a  change  of  level  in  the  land  is  beset  with  much  fewer  objections 
than  the  same  with  respect  to  the  sea ;  yet  even  the  former  is  not 
altogether  without  difficulties  as  appUed  to  the  case  before  us,  since 
it  seems  remarkable,  that  the  subsequent  depression  of  the  land 
should  have  so  nearly  coincided  with  the  amount  of  ita  previous 
elevation,  and  that  any  of  the  pillars  should  remain  standing  after 
experiencing  two  such  awful  convulsions  of  nature. 

It  was  to  obviate  these  difficulties  that  Goethe  suggested  an  in- 
genious though  rather  complicated  hypothesis,  which  with  some 
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modifications  I  had  adopted  in  the  first  edition  of  this  work,  as  that 
which  appeared  to  me  upon  the  whole  the  most  plausible.. 

Gro^the  had  supposed,  that  the  existence  of  pholades  at  such  a 
height  might  have  arisen  from  the  formation  of  a  small  lake  on  the 
site  of  the  temple,  ponded  up  above  the  level  of  the  sea  by  accidental 
circumstances,  and  the  Canonico  di  Jorio  had  appeared  to  point  out 
what  these  circumstances  might  have  been,  by  stating  that  the  land 
on  either  side  of  the  temple  was  covered  with  pebbles  and  alluvial 
matter  to  the  same  height  as  the  parts  of  the  pillars  which  have  been 
perforated. 

Now  if  this  were  the  fact,  there  seemed  no  absurdity  in  imagining, 
that  one  of  those  volcanic  eruptions,  which  have  occurred  in  the 
neighbourhood  since  the  temple  was  erected,  should  have  so  encircled 
the  spot  on  which  it  stands,  as  to  form  a  kind  of  basin  into  which 
the  sea  might  have  found  its  way,  and  in  which  pholades  might  have 
continued  to  live. 

Nor  did  it  appear  to  me,  that  the  fact  of  the  pavement  of  the  tem- 
ple being  about  a  foot  below  the  highest  point  which  the  slight  tides 
of  the  Mediterranean  are  wont  to  reach,  presents  any  further  diffi- 
culty. Jorio  has  indeed  stated  that  this  very  inconvenience  was 
contemplated  by  the  original  builders,  who  erected  a  dyke,  of  which 
there  are  some  remains,  evidently  intended  to  prevent  the  ingress  of 
the  sea*. 

The  site  of  the  temple  was  indeed,  in  all  probability,  determined 
by  that  of  the  warm  baths  which  gushed  out  from  the  spot,  and  the 
Romans  were  too  much  in  the  habit  of  controlling  the  movements 
of  the  sea  near  Baise  by  artificial  barriers,  to  be  deterred  from  erecting 
the  temple  on  the  spot  which  superstition  dictated,  by  the  circum- 
stance of  its  being  a  few  feet  below  high- water  mark. 

This  hypothesis,  which  appeared  to  me  at  the  period  I  wrote  the 
most  adequate  to  account  for  the  phenomena,  might  perhaps  even 
at  the  present  time  be  defensible ;  but  my  chief  reason  for  espousing 
it  is  done  away,  now  that  Professor  Forbes  has  shown,  in  his  excel- 
lent Physical  Notices  on  the  Bay  of  Naples  t,  tliat  this  oscillation  of 
the  surface  is  not  a  local  phsenomenon,  but  may  be  proved  to  have 
taken  place  in  many  contiguous  spots  to  which  the  hypothesis  of 
Goethe  cannot  be  extended. 

I  therefore  am  contented  to  set  down  this^  as  one  instance 
amongst  many  of  the  successive  changes  in  the  level  of  the 

*  Di  Jorio,  pp.  55,  56. 

t  Brewster's  Edinburgh  Journal. 
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country,  which  have  been  brought  about  even  in  modem 
by  volcanic  forces  in  the  neighbourhood  we  are  considering, 

1*he  second,  and  a  much  more  decided  case,  which  can  be 
adduced  of  a  change  produced  on  the  physical  structure  of 
the  country  round  Naples  by  volcanic  agency,  was  the  rise 
of  a  new  mountain  on  the  northern  side  of  the  Bay  in  the 
sixteenth  century.  Vesuvius  had  at  that  time  been  for  a  long 
interval  tranquil,  but  a  succession  of  earthquakes  had  taken 
place  in  the  country  for  two  years  previously.  At  length,  on 
the  2yth  of  September  of  the  year  1538,  flameE,  it  is  said, 
broke  out  from  the  ground  between  Lake  Avenius,  Monte 
Barharo,  and  the  Solfatara,  followed  by  several  rents  of  the 
earth  from  which  jets  of  water  sprung,  whilst  the  sea  receded 
200  feet  from  the  shore,  leaving  it  quite  dry.  On  the  29th, 
about  two  hours  after  sunset,  there  opened  near  the  coast  a 
gulf,  from  which  smoke,  tlamcs,  pumice  and  other  stones,  to- 
gether with  inud,  were  thrown  up  with  the  noise  of  thunder, 
and  in  about  two  days  the  ejected  masaes  formed  a  mountain 
413  feet  in  perpendicular  height,  and  8000  feet  in  circum- 
ference. The  eruption  tiiiatly  ceased  on  the  3rd  of  October, 
on  which  day  the  mountain  was  accessible,  and  those  who 
ascended  it  reported  that  they  found  on  the  summit  a  funnel- 
shaped  opening — a  crater,  a  quarter  of  a  mile  in  circum- 
ference. 

Porzio,  a  physician  of  that  age,  in  his  account  of  the  event,  states 
distinctly,  that  the  land  now  comprehended  between  the  foot  of  the 
mountain  called  Monte  Barbaro,  and  that  portion  of  the  sea  which 
borders  upon  the  Lake  of  Avernus,  was  seen  to  be  upheaved,  and  to 
take  the  form  of  a  mountHia  :  an  interesting  letter  of  a  contemporary, 
found  in  a  volume  of  the  Marquis  Capponi  at  Naples,  and  published 
in  Leonhard's  Jabrluch  fiir  Geologie,  1 846,  completely  confirms  this 
statement. 

The  following  is  an  extract  from  the  letter,  addressed  by  Francisco 
del  Nero  to  Nicolo  del  Benino  of  Naples,  sent  to  Rome  in  1538:  — 

"  On  the  28th  of  September,  at  midday,  the  sea-bottom  near  Puz- 
zuolo  became  dry  over  an  extent  of  600  braccie  (1300  yards),  so  that 
the  inhabitants  of  the  town  carried  off  wagon-loads  of  fish  left  on 
the  dry  land.  About  eight  o'clock  in  the  morning  of  the  29th  the 
earth  sunk  down  about  two  braccie  (ISileet)  in  that  part  where  there 
is  now  the  volcanic  orifice,  and  there  issued  forth  a  small  stream  of 
very  cold  water,  as  we  were  told  by  some  persons  we  inlsrrogated. 


1  days  ^H 

ring,  H 

:an  be  ■ 


MONTE  NUOVO.  209 

but  others  stated  that  it  was  tepid  and  somewhat  sulphureous ;  as 
all  the  people  whom  we  spoke  to  were  worthy  of  credit^  I  am  of 
opinion  that  they  all  spoke  the  truth,  and  that  the  water  was  at  first 
cold  and  afterwards  tepid.  At  noon  on  the  same  day  the  earth 
began  to  swell  up,  so  that  the  ground  in  the  same  place  where  it 
had  sunk  down  13^  feet,  by  eight  o'clock  or  thereabouts  was  as  high 
as  the  Monte  llossi,  that  is,  it  was  as  high  as  that  hill  is  where  the 
little  tower  stands  upon  it ;  and  about  this  time  fire  issued  forth  and 
formed  the  great  gulf,  with  such  a  force,  noiee,  and  shining  light,  that 
I,  who  was  standing  in  my  garden,  was  seized  with  great  terror. 
Forty  minutes  afterwards,  although  unwell,  I  got  upon  a  neighbour- 
ing height  from  which  I  saw  all  that  took  place ;  and,  by  my  troth, 
it  was  a  splendid  fire,  that  threw  up  for  a  long  time  much  earth  and 
many  stones.  They  fell  back  again  all  around  the  gulf,  so  that  to- 
wards the  sea  they  formed  a  hill  nearly  of  the  height  of  Monte  Mo* 
rello,  and  for  a  distance  of  seventy  miles  round,  the  earth  and  the 
trees  were  covered  with  ashes.  'ITie  ashes  that  fell  here  were  very 
soft,  sulphureous  and  heavy.  They  not  only  threw  down  the  trees, 
but  an  immense  number  of  birds,  hares,  and  smaller  animals  were 
killed.  I  was  yesterday  obliged  to  return  by  sea  to  Puzzuolo.  Many 
men  were  looking  on  and  with  amazement.  Nothing  was  to  be  seen 
there  but  the  hill  itself ;  I  mean  nothing  in  compcurison  with  what 
took  place  the  preceding  night  when  the  earth  swelled  up,  that  is, 
at  the  time  I  came  to  the  place.  And  as  there  was  no  one  from 
Naples,  and  few  capable  of  describing  it,  who  saw  the  fire  on  that 
night,  there  is  no  one  but  myself  who  can  make  a  report  of  it." 

Now  Dufrenoy  informs  us  that  the  Monte  Nuovo,  although 
overed  externally  by  scoriae  and  other  ejected  masses  nowise 
agglutinated^  is  in  reality  found  to  consist,  when  seen  from 
the  interior  of  the  crater,  of  beds  of  tuff  that  have  been  up- 
heaved; and  in  one  of  these  beds  Von  Buch,  during  the 
Scientific  Congress  held  at  Naples  in  1845,  discovered,  if  I 
am  rightly  informed,  marine  shells. 

I  have  not  visited  the  interior  of  the  crater  since  1824,  and 
am  unable  to  confirm  or  to  contradict  the  above  statement  of 
M.  Dufrenoy ;  but  I  perceive  that  Professor  James  Forbes 
(Physical  Notices,  No.  6.  p.  80)  leans  to  the  opinion  of  an 
upheaval  of  the  mountain  having  taken  place. 

Its  form  is  that  of  a  compressed  or  oblong  cone,  and  it  has 
in  its  centre  a  crater  almost  as  deep  as  the  mountain  is  lofty^ 
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the  total  height  of  which  is  134  metres,  whilst  the  depth  of 
the  crater  is  about  128*. 

Near  the  bottom  of  the  crater  are  one  or  two  small  caverns, 
the  interior  of  which  I  found  covered  here  and  there  with  an 
efflorescence,  having  an  alkaline  taste.  The  sand  at  the  foot 
of  the  mountain,  even  under  the  aca,  possesses  so  high  a  tem- 
perature when  brought  up  from  a  little  below  the  surface  of 
the  water,  that  we  are  led  to  conclude  the  volcanic  action  to 
be  still  going  on  to  a  certain  extent ;  and  the  same  inference 
may  be  drawn  from  a  spring,  called  the  Baths  of  Nero,  which 
gushes  out  from  the  rock  in  a  cavern  not  far  distant,  and  is 
sufficiently  hot  to  boil  an  egg  in  a  very  few  minutest. 

Some  suppose  that  the  Lucrine  lake  was  filled  up  or  de- 
stroyed by  this  eruption,  but  others  maintain  that  the  latter, 
which  was  a  basin  originally  separated  from  the  sea  by  a  dam, 
had  been  merged  in  the  bay  again  upon  the  decay  of  its  em- 
bankment. It  is  certain  that  contemporary  writers,  in  their 
account  of  the  formation  of  the  Monte  Nuovo,  say  nothing 
concerning  this  lake. 

We  hove  hitherto  been  considering  those  volcanic  pheno- 
mena which  were  produced  in  the  Phlegrean  fields  at  periods 
antecedent  to  the  present,  but  I  shall  now  ullude  to  the  Sol- 
fatara  near  Puzzuoli,  a  mountain,  the  recesses  of  which  seem 
during  a  long  succession  of  ages  to  have  been  the  seat  of  vol- 
canic action,  languid  indeed,  but  continued,  although  it  is 
often  regarded  in  the  light  of  an  extinct  volcano,  because  no 
ejectionB  of  solid  matter  are  known  in  historical  times  to  have 
proceeded  from  it. 

The  evidences  then  of  such  operations  afforded  by  this 
mountain  are  confined  to  the  perpetual  exhalation  from  it  of 
certain  gases,  mixed  with  aqueous  vapour.  For  an  opportunity 
of  examining  the  former  I  was  indebted  in  1825  to  Sir  John 
Herschel  and  the  late  Signor  Covelli  of  Naples  ;  these  gentle- 

•  Dufrenoy,  p.  273. 

t  Profeesor  J.  Forbes,  who  had  the  hardihood  to  penetrate  to  the  ex- 
tremity of  tlie  cavern,  where  the  epriog  guahes  out,  states  its  temperature 
to  l>e  I83°'S,  1  once  attempted  the  same  enterprise,  but  was  driven  back 
by  a  sense  of  suffocation  before  I  had  completed  half  the  distance,  which 
is  reckoned  in  all  at  about  ISO  paces. 
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men  having  been  good  enough,  as  I  was  incapacitated  at  the 
time  by  illness  from  revisiting  the  spot  for  that  purpose,  to 
condense  for  me  a  portion  of  the  steam  given  out  from  one  of 
the  fumeroles  in  the  crater,  containing  all  the  gases  emitted 
at  the  same  spot  which  water  is  capable  of  dissolving,  and 
which  appeared  to  consist  only  of  sulphuretted  hydrogen 
mixed  with  a  minute  portion  of  muriatic  acid.  In  November 
1834  I  instituted  a  similar  examination  of  the  vapours,  and 
obtained  the  same  results,  excepting  that  a  little  muriate  of 
ammonia  seemed  also  to  be  present  in  what  I  then  collected. 

Now,  from  the  known  chemical  properties  of  the  two  gases 
alluded  to,  it  may  be  easy  to  explain  the  presence  of  most  of 
the  substances  found  about  the  Solfatara. 

The  rock  of  this  mountain  is,  as  I  have  already  stated,  a 
trachyte,  which,  besides  a  little  potass,  consists  essentially  of 
silex  and  alumine,  with  an  occasional  admixture  of  iron,  lime, 
and  magnesia. 

The  sulphuretted  hydrogen  disengaged  may  unite  with 
the  bases  of  the  several  earths  and  alkalies,  and  form  with 
them  in  the  first  instance  the  different  combinations  known 
by  the  name  of  hydrosulphurets. 

Now  this  class  of  compounds  undergo  decomposition,  when  ex- 
posed to  air  and  moisture,  in  two  ways : — 

Ist.  The  presence  of  carbonic  acid  slowly  causes  the  separation  of 
the  two  ingredients,  the  several  bases  first  combining  with  oxygen, 
and  then  with  the  acid,  whilst  the  sulphuretted  hydrogen  set  at 
liberty  is  at  the  same  time  resolved  into  its  elements,  of  which  the 
hydrogen  forms  water  with  the  oxygen  of  the  atmosphere,  the  sulphur 
being  partly  precipitated,  and  partly  converted  into  the  hyposul- 
phurous  acid.  The  hyposulphurous  acid  again  unites  with  the  dif- 
ferent earthy  bases,  but  these  combinations  are  not  permanent,  but 
are  finally  resolved  into  sulphur  and  sulphates. 

Hence  the  hydrosulphurets,  so  far  as  they  are  influenced  by  the 
presence  of  carbonic  acid,  give  rise  to  the  deposition  of  sulphur  and 
to  the  formation  of  sulphuric  salts. 

2ndly.  The  same  ultimate  result  appears  to  be  obtained  by  the 
mere  action  of  atmospheric  air  upon  the  same  compounds,  part  of 
the  hydrogen  of  the  sulphuretted  hydrogen  abandoning  the  sulphur, 
combining  with  the  oxygen  of  the  atmosphere,  and  forming  water, 
whilst  the  remainder  exists  in  combination  with  a  double  proportion 
of  sulphur,  and  produces  an  hydroguretted  sulphuret.     This  sub- 

p  2 


313  HOL'THERN    ITALY. 

stance  is  liowever  finnlly  decompoaed.  the  hydrogen  slowly  com- 
bining with  osygen,  and  the  sulphur  being  either  oxygenized,  or  de- 
posited in  a  solid  form. 

Should  any  of  the  sulphuretted  hydrogen  reioa'n  in  its  uncom. 
bined  state,  it  will  be  speedily  resolved  into  its  elements  by  the 
action  of  air  and  water ;  for  on  confining  a  portion  of  this  gas,  either 
with  or  without  an  admixture  of  aij,  over  water,  the  lattej  became 
turbid  firom  the  sulphur  separated  from  the  gaa,  although  over  mer- 
cury it  seemed  to  remain,  for  a  long  time  at  least,  unchanged. 

It  appears  then,  that  in  both  these  ways  the  compounds  formed  by 
the  nnion  of  the  sulphuretted  hydrogen  with  the  constitoents  of  the 
rock  would  be  finally  resolved  into  sulphur  and  sulphuric  salts ;  we 
have  only  therefore  to  compare  this  with  the  phitnomena  actually 
eihibited  at  the  Solfiitara. 

The  rock  of  which  this  mountain  is  composed  is  naturally  hard 
and  dark- coloured,  but  in  proportion  as  it  is  exposed  to  the  action  of 
these  vapours,  its  texture  and  eolour  undergo  a  remarkable  alteration. 
The  first  stage  of  the  process  seems  to  be  a  mere  whitening  of  the 
masa,  in  consequence  doubtless  of  the  removal  of  the  iron  to  which 
its  colour  is  attributable:  it  then  is  seen  to  become  porous  and  fissile*; 
when  the  process  is  yet  further  advanced,  it  becomes  honeycombed 
like  a  bone  that  has  been  acted  on  hy  the  weather ;  and  at  length  it 
crumbles  into  a  w*hite  powder,  consisting  almost  entirely  of  silex. 

The  saUne  substances  that  a]ipettr  efflorescing  on  tlie  surface  of  the 
rack,  correspond  with  the  above  atatements ;  they  consist  of  the 
sulphates  of  iron,  lime,  soda,  magnesia,  and  above  all,  of  alumina, 
Breislac  has  given  some  interesting  details  respecting  these  salts,  in 
which  however  I  have  not  time  to  follow  him  ;  it  is  sufficient  for  our 
present  purpose  to  show,  that  they  appear  in  almost  the  same  pro- 
portion as  that  in  which  they  would  result  from  the  action  of  the 
same  gas  upon  a  stone  similarly  constituted. 

Meanwhile  the  sulphur  deposited  diffuses  itself  through  the  rock, 
and  lines  the  walla  of  its  cavities ;  but  Breislac  appears  to  have  shown 
very  satisfactorily,  that  it  results  entirely  from  the  sulphuretted  hy- 
drogen, and  is  not  sublimed  in  an  uncon]l)iiied  state  ;  for  we  only 
find  it  in  those  parts  of  the  mountain  which  arc  near  enough  to  the 
surface  to  admit  of  the  ready  access  of  atmospheric  air.  It  is  accotti- 
panied  with  muriate  of  ammonia,  sometimes  with  sulphuret  of  arsenic, 
which  has  probably  also  been  disengaged,  combined  with  hydrogen, 
and  may  contribute  to  the  destructiveness  of  those  exhalationB  which 

"  Mr.  Scrope  roentiona  the  existence  of  globular  concretions,  hke  piso- 
lites, in  the  decomposed  trachyte,  which  he  attributes  to  drops  of  rain  falling 
on  finely  comminuted  volcanic  ashes. 
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frequently  succeed  an  eruption.  I  have  been  assured  that  the  para- 
doxical statement  of  Breislac  with  respect  to  the  pear  and  olive 
being  proof  against  the  deleterious  influence  of  these  gases,  when  all 
other  kinds  of  vegetables  are  destroyed,  is  not  unfounded.  As  sele- 
nium is  now  ascertained  to  exist  among  the  products  of  the  crater  in 
the  island  of  Volcano,  it  appears  probable  that  a  gas,  composed  of 
that  metal  with  hydrogen,  will,  ere  long,  be  detected  together  with 
the  gases  before  enumerated. 

It  may  appear  remarkable  that  muriatic  compounds  with 
the  above  bases  are  not  likewise  present ;  but  if  they  existed^ 
they  would  be  immediately  decomposed  by  the  sulphimc  acid 
generated ;  and  that  muriatic  acid  itself  is  incapable  per  se 
of  decomposing  trachyte,  except  it  be  concentrated,  and 
the  rock  pounded,  is  shown  from  the  fact  of  its  continuance 
during  so  many  ages  in  the  domite  of  Auvergne  in  a  free 
condition.  Muriate  of  ammonia  is  however  abundant,  but 
its  alkaline  ingredient  must  be  generated  in  the  interior  of  the 
earth,  if  Liebig  be  correct  in  his  opinion,  that  free  hydrogen 
and  nitrogen  cannot  be  made  to  combine  otherwise  than  by 
electricity,  when  both  are  in  an  elastic  form. 

The  influence  of  the  above  exhalations  is  by  no  means  con- 
fined within  the  compass  of  the  Solfatara,  for  it  extends  to  a 
considerable  distance  on  the  hills  which  bound  that  volcano 
towards  the  north,  as  is  evinced  by  the  whiteness  and  decom- 
posed condition  of  the  rocks,  in  consequence  of  being  acted 
upon  during  so  many  ages  by  sulphureous  vapours.  It  would 
appear  that  the  ancients  designated  them  from  this  circum- 
stance under  the  name  of  the  Colles  Leucogaei,  for  Pliny* 
mentions  medicinal  waters  existing  between  Puzzuoli  and 
Naples,  called  Leucogaei  Pontes  ;  and  there  is  still  found  a  hot 
spring  at  a  place  called  Pisciarelli,  situated  on  the  slope  of 
these  hills,  containing  much  sulphate  of  iron  and  of  alumina, 
and  possessing  a  temperature,  according  to  Forbes,  of  112°'5. 

The  Solfatara  returns  a  hollow  sound  when  any  part  of 
its  surface  is  struck,  and  hence  has  been  conjectured  to  be 
made  up,  not  of  one  entire  rock,  but  of  a  number  of  detached 
blocks,  which,  hanging  as  it  were  by  each  other,  form  a  sort 
of  vault  over  the  abyss,  within  which  the  volcanic  operations 
are  going  on. 

♦  Hist.  Nat.  lib.  xxxi.  c.  8. 
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Mr.  Scrope  considers  the  reverberation  merely  due  to  liie 
porous  nature  of  the  ground  ;  but  Professor  J.  Forbes  sup- 
ports me  ill  the  view  I  had  tnken  in  my  former  edition,  re- 
marking thut  the  continual  action  of  sulphureous  vapours  fur 
so  many  centuries  upon  the  mass  of  the  rock,  must  of  neces- 
sity have  created  chasms  and  hollows  by  the  removal  of  so 
much  matter  from  within.  In  the  case  of  the  Solfatara  I 
have  from  the  6rat  contended,  not  that  the  sound  was  caused 
by  the  existence  of  one  aperture  larger  than  the  rest,  such  as 
we  are  wont  to  suppose  ia  the  interior  of  every  active  volcano, 
but  by  a  series  of  fissnres,  which  allow  of  the  escape  of  elastic 
fluids,  but  would  prevent  the  fall  of  any  bulky  body. 

Although  we  have  no  certain  record  of  any  eruption  from 
the  Solfatara,  we  observe  on  its  south-eastern  side  what  ap- 
pears to  be  a  stream  of  lava,  which  extends  in  one  unbroken 
line  to  the  sea,  forming  the  promontory  called  the  Monte  Oli- 
bano,  on  the  road  between  Naples  and  Puzzuoli.  This  lava  is 
remarkable  from  its  want  of  resemblance  to  those  of  most  other 
volcanoa,  as  it  consists  of  a  roek  which  can  hardly,  I  think, 
be  separated  by  its  mineralogical  characters  from  trachyte. 

It  is  made  up  of  crystals  of  glassy  felspar,  imbedded  in  a 
basis  of  a  felspathic  nature,  having  an  uneven  fracture  and 
ash-grey  colour,  differing  in  these  respects  from  the  rock  of 
the  Solfatara  itself,  which  I  have  found  in  general  to  possess 
a  darker  colour,  and  a  conchoidal  fracture.  Both  however 
agree  in  being  composed  essentially  of  felspar,  and  containing 
augite  only  as  an  occasional  ingredient,  so  that  we  are  obliged 
to  class  them  equally  under  the  head  of  trachyte,  or,  accord- 
ing to  Abich,  trachyte- dolerite.  The  stone  of  Mount  Olibano 
is  in  general  compact,  but  cells  are  sometimes  present,  espe- 
cially in  the  upper  part  of  the  rock  ;  it  is  seen  to  rest  imme- 
diately on  a  thin  bed  of  loose  fragments  of  lava,  and  is  covered 
by  a  sort  of  tulF,  which,  being  placed  on  a  part  of  the  hill  diffi- 
cult of  access,  I  lefl  unexamined,  but  which  I  conjecture  to 
consist  of  scoriae  and  sand,  that  succeeded  the  ejection  of  the 
melted  matter. 

From  a  description  of  the  volcanic  phGenamena  exhibited  to 
the  west  of  Naples,  we  naturally  proceed  to  the  consideration 
of  those  on  its  eastern  side,  and  from  the  semi-extinct  volcano 
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of  the  Solfatara^  turn  with  increased  interest  to  the  full  de- 
velopment of  activity  displayed  at  Vesuvius. 

The  date  of  that  part  of  the  mountain  properly  called  Vesu- 
vius, or  rather  of  its  cone,  does  not  perhaps  go  farther  back 
than  the  period  of  the  famous  eruption  of  79  after  the  Chris- 
tian aera,  in  which  Herculaneum  and  Pompeii  were  destroyed ; 
for  the  ancient  writers  never  speak  of  the  mountain  as  con- 
sisting of  two  peaks,  which  they  probably  would  have  done, 
if  the  Monte  Somma  had  stood,  as  at  present,  distinct  from  the 
cone  of  Vesuvius.  It  is  also  remarked  that  the  distance  men- 
tioned in  ancient  writers  as  intervening  between  the  foot  of 
Vesuvius  and  the  towns  of  Pompeii  and  Stabiae,  appears  to 
have  been  greater  than  exists  at  present,  unless  we  measure  it 
from  the  foot  of  Monte  Somma,  so  that  this  affords  an  addi- 
tional probability  that  the  latter  mountain  was  then  viewed  as 
a  part  of  the  former,  and  that  no  separation  between  them  had 
at  that  time  occurred.  We  may  also  be  sure,  from  the  semi- 
circular figure  which  the  southern  escarpment  of  the  Monte 
Somma  presents  towards  Vesuvius,  that  it  constituted  a  por- 
tion of  the  walls  of  the  original  crater,  and  Visconti,  it  is  said, 
has  proved  by  actual  admeasurements  that  the  centre  of  the 
circle,  of  which  it  is  a  segment,  coincides  as  nearly  as  possible 
with  that  of  the  present  cone. 

There  seems  therefore  little  room  to  doubt  that  the  old 
mouth  of  the  volcano  occupied  the  spot  now  known  by  the 
name  of  the  Atrio  del  Cavallo,  but  that  it  was  greatly  more 
extensive  than  this  hollow,  as  it  comprehended  Ukewise  the 
space  now  covered  by  the  cone,  which  was  thrown  up  after- 
wards in  consequence  of  the  renewal  of  the  volcanic  action 
that  had  been  suspended  during  so  many  ages. 

This  view  likewise  tends,  as  I  think,  to  reconcile  the  ac- 
counts which  ancient  writers  have  given  of  the  structure  of 
the  mountain  antecedently  to  the  period  before  mentioned. 
Florus,  for  instance,  in  his  narrative  of  the  insurrection  of 
Spartacus,  describes  the  manoeuvre  by  which  that  general  con- 
trived to  escape  from  the  Roman  army,  which  besieged  him 
in  this  mountain,  in  the  following  manner : — 

**  Vesuvius  was  the  spot  pitched  upon  for  their  first  enter- 
prise. Being  besieged  there  by  Clodius  Glaber,  they  de- 
scended through  the  defiles  of  this  mountain  by  means  of 
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vine-twigs,  aiid  reached  its  verj-  bottom)  where  they  surprised 
by  a  sudden  assault  the  camp  of  the  general,  who  anticipated 
nothing  of  the  kind*." 

Plutarch,  who  evidently  refers  to  the  same  event,  notices  it 
in  a  manner  which  perhaps  will  enable  us  to  ascertain  what 
the  real  structure  of  the  mountain  at  that  lime  must  have 
been.  After  describing  the  first  successes  of  Spartacus  and 
hie  army,  he  says  : — "  Clodius  the  pnctor  was  sent  against 
them  with  a  party  of  three  thousand  men,  who  besieged  them 
in  a  mountain  (meaning  evidently  Vesuvius)  having  but  one 
narrow  and  difficult  passage,  which  Clodius  kept  guarded; 
all  the  rest  was  encompassed  with  broken  and  slippery  pre- 
cipices, but  upon  the  top  grew  a  great  many  wild  vines ;  they 
cut  down  as  many  of  Ihcir  boughs  as  they  had  need  of,  and 
twisted  them  into  ladders  long  enough  to  reach  from  thence 
to  the  bottom,  by  which,  without  any  danger,  all  got  down 
except  ore,  who  stayed  behind  to  throw  them  their  arms,  after 
which  he  saved  himself  with  the  restf-" 

But  how  are  these  representations  consistent  with  the  ac- 
count given  hy  the  accurate  Strabo  respecting  the  structure 
of  Vesuvius,  which,  he  says,  is  surrounded  on  ail  sides  hy  fine 
fields,  except  on  the  summit,  which  is  in  great  measure  flat  J, 
but  barren  and  desolate  ? 

I  know  no  other  method  of  reconciling  these  accounts  than 
that  of  supposing,  that  Spartacus  was  encamped  within  the 
crater,  which  occupied  what  is  now  the  Atrio  del  Cavallo ; 
that  the  walla  of  this  crater  were  at  that  time  entire,  except  in 
one  part  where  the  army  of  Clodius  estahlished  themselves; 

*  "  Prima  velut  arena  viris  Mods  Vesuvius  placuit.  Ibi  cum  obsldereDtur 
a  Ctodio  Gl&bro,  per  Tauces  cavi  montis  vitineis  delapsi  vincutis,  ad  imas 
ejus  descendere  radices ;  et  exitu  iovio,  Dihil  late  opiDButis  ducia  subito  im- 
petu  castra  rapuere." — Uorui,  I.  iii.  c.  30. 

t  Life  of  Craaeus.     Plutarch,  ed.  Reiake,  vol.  iii.  p.  240. 

I  The  following  ia  the  eutire  passage  referred  to  :  — 

'YwipKUTiu  tt  Tiov  TrHrui'  Tom-mi'  opos  to  Oviiroiiiov,  aypon  mpioitov- 
luvow  irayjtnXDit,  jrXiji'  njt  «opi"Jiiit'  aim;  6"  (ir(ir*3ot  fi™  ttoXu  fupot  <<rTtr' 
OKOpTTOv  if  6\r}^  rx  0f  rtjs  ay^tan  TH^pa^s,  itai  xiuXatias  ^aatt  injpayytoSfis 
iriTfHui'  iu0aXuji»t>  Kara  njr  xP<"'>'i  ^c  or  tufiiffpoiiuniv  vtro  wvpof  uc  TtK/ta- 
pOir'  an  rit  to  j(iiipu>v  tooto  Kaii<r6ai  npartpov,  not  txnv  KpaTTjpai  wvpot, 
vffi(r0i)KH  Iftirikmovmir  tije  iXijt.  Ta;i[a  6t  rqt  (vnopwiot  nft  KUxXm  tout' 
amor.— Strabo,  eJ.  Falc.  vol.  i.  p.  355. 


jrised  ^1 

pa  ted  ^M 
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and  that  the  insurgents  found  their  ladders  useful  in  de- 
scending some  of  the  steep  precipices  which  existed  on  the 
external  slope  of  the  Monte  Somma^  as  well  as  in  the  first  in- 
stance in  climbing  up  to  the  brim  of  the  then  existing  crater. 
The  western  front  looking  towards  Naples  being  broken  away, 
Strabo  might  naturally  have  considered  what  was  once  the 
interior  of  the  then  extinct  crater  as  the  summit  of  the  moun- 
tain, and  it  is  by  no  means  unlikely,  that  the  former  may  in 
his  time  have  possessed  that  level  surface  which  he  notices  as 
the  general  character  belonging  to  it.  At  all  events  no  alter- 
native seems  to  exist  between  this  explanation,  and  our  re- 
garding the  passage  as  inaccurate,  for  the  structure  of  the 
Monte  Somma  is  such  as  plainly  demonstrates,  that  it  has  not 
been  thrown  up  by  any  subsequent  eruption,  but  existed  at 
least  at  its  present  elevation  in  the  period  to  which  Strabo 
alludes*. 

The  preceding  remarks  may  be  considered  as  bringing 
down  the  history  of  the  volcano  to  the  commencement  of  the 
Christian  aera,  when  so  long  an  interval  had  elapsed  since  the 
time  at  which  it  was  last  in  activity,  that  no  certain  record 
of  any  preceding  eruptions  appears  to  have  existed. 

It  is  true  that  Diodorus  Siculus,  who,  from  having  visited 
Etna,  must  have  been  familiar  with  volcanic  appearances,  was 
struck  with  the  indications  of  a  similar  origin  which  he  per- 
ceived in  Vesuviust ;  and  we  also  find  that  Vitruvius,  when 
speaking  of  the  Puzzolana  near  Naples,  which  he  supposes  to 
have  been  formed  by  heat,  notices  a  tradition  that  Vesuvius 
also  in  former  times  emitted  flame.  Lucretius  likewise  has 
been  supposed  to  refer  to  this  mountain  in  his  6th  Book, 
where  he  speaks  of  a  spot  near  Cumae  which  sends  forth  sul- 
phureous fumes;  but  little  ought  to  be  built  on  a  passage 
which  has  such  different  readings  :t,  and  it  seems  just  as  pos- 

*  See  Plate  I.,  at  the  end  of  the  volume,  representing  Vesuvius,  as  it  now 
is,  and  as  it  is  supposed  to  have  been  in  the  time  of  Strabo. 

'f  QpofuurBai  dt  kcu  to  Tredtov  rovro  ^Xcypacov,  airo  rov  \o(f}ov  rov  ro 
TroXcuov  an-Xcrov  uvp  €K<f>v(r<ovTos,  iraparrKriaitas  rji  Kara  ttjv  SucfXiav  Aitvu' 
JcoXriroi  d<  vw  6  rorros  Ov€arovios,  €xav  TroXXa  a-rjfitui  rov  K€Kavar6ai  Kara 
rovs  apx^aiovs  xpovovs, — Lib.  iv.  c.  21. 

{  This  passage  is  very  differently  read  : — 
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Bible  that  the  poet  may  have  meuit  to  aUiide  to  tlte  exhala- 
tions of  the  Solfatara,  which  hca  much  nearer  to  Cuniie: 
is  Silius  ItalicuSjwho  has  been  quotedmproof  of  an  eruption 
having  taken  place  during  tlie  second  Punic  war,  an  authority 
altogether  unqucBt  ion  able,  since  having  witnessed  the  famous 
eruption  of  79,  he  may,  by  a  very  natural  jjoetical  licence, 
have  introduced  a  similar  event  as  happening  at  an  earlier 
period,  without  any  direct  sanction  from  history. 

On  the  other  hand,  it  may  be  remarked,  that  Strabo  seems 
rather  to  infer  the  igneous  origin  of  Vesuvius  from  the  nature 
of  the  rocks  found  upon  it,  than  from  any  received  tradition, 
and  that  it  seems  natural  to  attiibiilc  to  the  mountain  a  long 
period  of  tranquillity,  both  from  the  cultivated  state  in  vrhicb 
it  existed*,  aud  from  the  circumstance  of  the  crater  having 
been  effaced  on  one  side,  as  must  be  understood  to  have  been 
the  case,  if  we  suppose  that  it  was  the  spot  having  only  one 
outlet  in  wliich  the  army  of  Spartacua  was  besiegedf- 

This  period  of  apparent  security  was  however  at  length  to 
cease ;  in  the  year  63  alter  Christ  the  volcano  gave  the  first 
symptom  of  internal  agitation,  in  an  earthquake  which  occa- 
sioned considerable  damage  to  many  of  the  cities  in  it«  vicinity, 
a  curious  proof  of  which  is  exhibited  by  the  excavations  made 
at  Pompeii,  showing  that  the  inhabitants  were  in  the  veiy 
act  of  rebuilding  the  houses  overturned  by  the  preceding 

U  locus  est  Cumaa  apud  ;  acri  eulfure  tnontes 
Op[)le[i  calldis  ubl  fumant  fontibus  aucti : 

Quails  apud  Cumas  locus  est  id  out  cinque  Vesevum. 
Oppleti  calidis  ubi  fumant  fontibus,  auctus. 

It  is  evident  that  even  the  latter  reading  afTards  no  proof  that  Vesuvius 
had  experienced  any  recent  eniptiou,  or  was  in  a  more  active  state  than  the 
Solfatara  of  Puzzuoll,  which  will  be  afterwards  raentioned. 

•  See  Virgil's  Georgics,  Martial,  Varro,  and  others. 

t  If  Mr.  Hayter  be  correct  in  deriving  Herculaneum  from  Her  and  Koli, 
Iht  burning  mountain,  we  might  obtain  an  additional  argument  in  favour 
of  the  ancient  eruptions  of  Vesuvius ;  but  it  is  an  evident  affectation  to  sub- 
stitute a  far-fetched  etymologj'  for  one  so  obvious  as  that  which  derives  it 
from  Hercules :  and  even  admitting  the  former  to  be  the  correct  derivatiou, 
it  affords  perhaps  no  stronger  proof,  than  the  names  of  some  of  the  moun- 
tains in  Auvergne  and  Hungary  do,  of  the  modern  dale  of  their  eruptions. 
In  both  cases  the  aspects  of  the  spots  themselves  might  be  sufficient  to 
suggest  the  application  of  their  names. 
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catastrophe^  when  their  city  was  finally  overwhelmed  in  the 
manner  I  am  about  to  describe. 

On  the  24th  of  August  of  the  year  79,  the  tremendous 
eruption  took  place,  which  has  been  so  well  described  in  the 
letters  of  the  younger  Pliny*.  It  was  preceded  by  an  earth- 
quake which  had  continued  for  several  days,  but  being  slight 
had  been  disregarded  by  the  inhabitants,  who  were  not  unac- 
customed to  such  phsenomena.  However,  on  the  night  pre- 
ceding the  eruption,  the  agitation  of  the  earth  was  so  tremen- 
dous as  to  threaten  everything  with  destruction. 

At  length,  about  one  in  the  afternoon,  there  was  seen  in  the 
direction  of  Vesuvius,  a  dense  cloud,  which,  after  rising  from 
the  mountain  to  a  certain  distance  in  one  narrow  vertical  trunk, 
spread  itself  out  laterally  in  a  conical  form,  in  such  a  manner 
that  its  upper  part  might  be  compared  to  the  branches^  and 
its  lower  to  the  trunk,  of  the  fir  which  forms  so  common  a 
feature  in  the  Italian  landscapef.  It  was  descried  from  Mise- 
num,  where  the  elder  Pliny,  as  commander  of  the  Roman  fleet, 
happened  to  be  stationed  with  his  family,  among  whom  was 
his  nephew,  the  author  of  the  letters  referred  to.  The  latter, 
who  seems  already  to  have  imbibed  somewhat  of  the  spirit  of 
the  Stoical  philosophy,  which  inculcated  rather  an  indifference 
to  the  course  of  external  events  than  an  inquiry  into  their  na- 
ture, pursued  his  usual  train  of  studies  as  before;  but  the 
former,  with  the  zeal  and  enterprise  of  a  modem  naturalist, 
prepared,  in  defiance  of  danger,  to  obtain  a  nearer  view  of  the 
phsenomena,  as  well  as  to  render  assistance  to  the  sufferers. 

Accordingly  he  first  repaired  to  Resina,  a  village  imme- 
diately at  the  foot  of  Vesuvius,  but  was  soon  driven  back  by 
the  increasing  shower  of  ashes,  and  compelled  to  put  in  at 
Stabiae,  where  he  proposed  to  pass  the  night.  Even  here  the 
accumulation  of  volcanic  matter  round  the  house  he  occupied 
rendered  it  necessary  for  him  to  remain  in  the  open  air,  where 
it  would  appear  that  he  was  suddenly  overpowered  by  some 
noxious  effluvia ;  for  it  is  said,  that  whilst  sitting  on  the  sea- 
shore under  the  protection  of  an  awning,  flames,  preceded 
by  a  sulphureous  smell,  scattered  his  attendants,  and  forced 
him  to  rise  supported  by  two  slaves,  but  that  he  quickly  fell 
down,  choked,   as  his  nephew  conjectured,  by  the  vapour, 

•  PHn.  Epist.  lib.  vi.  Ep.  16,  20. 

t  The  Stone  Pine,  Pinua  Pinea,  is  the  species  probably  referred  to. 
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which  proved  the  more  fatal  from  the  shorlness  of  breathing 
under  which  he  laboured.  The  absence  of  any  external  injury 
proves  that  his  death  was  caused  by  some  subtle  effluvia, 
rather  than  by  the  atones  that  were  falling  at  the  time,  and  it 
is  well  known  that  gaseous  exhalations,  aUke  destructive  to 
animal  and  vegetable  life,  are  frequent  concomitants  of  vol- 
canic eruptions. 

The  other  circumstances  of  this  memorable  event  are 
sketched  by  the  younger  Pliny  with  a  rapid  but  masterly 
hand.  The  dense  cloud  which  hovered  round  the  mountain, 
pierced  occasionally  by  flashes  of  lire  more  considerable  than 
those  of  lightning,  and  overspreading  the  whole  neighbour- 
hood of  Naples  with  darkness  more  profound  than  that  of  the 
deepest  night ;  the  volumes  of  ashes  which  encumbered  the 
earth,  even  at  a  distance  so  great  as  that  of  Miscnum  ;  the 
constant  heaving  of  the  ground,  and  the  recession  of  the  sea, 
form  together  a  picture,  which  might  prepare  ua  for  some  tre- 
mendous catastrophe  in  the  immediate  neighbourhood  of  the 
volcano — and  that  this  catastrophe  did  occur,  modern  investi- 
gations have  fully  demonstrated. 

There  can  be  no  doubt,  that  the  cities  of  Stahiffi,  Pompeii, 
and  Herculaneum.  with  probably  many  minor  places  situated 
on  the  slope,  or  in  tlie  vicinity  of  Vesuvius,  were  destroyed 
during  this  eruption,  although  it  has  been  regarded  aa  singular, 
that  the  author  of  the  letters  alluded  to  refers  to  this  disaster 
only,  as  it  were,  parenthetically,  amongst  other  circumstances 
calculated  to  perpetuate  the  remembrance  of  the  manner  of  his 
uncle's  death*.  Pliny  however  professes  to  have  nothing  far- 
ther in  view  than  to  supply  the  great  historian  who  he  wished 
should  undertake  his  uncle's  biography,  with  such  particulars 
as  were  connected  with  the  death  of  that  individual;  he  di- 
stinctly disclaims  all  intention  of  communicating  any  general 
account  of  a  catastrophe,  which  had  happened  some  years  be- 
fore his  letter  was  written  t,  and  was  therefore  already  of 
general  notoriety. 

*  "  Quamvis  enim  pulcherrimarum  clade  terraruin,  ut  populi,  ut  urbea 
memorahili  caau,  quasi  semper  victurus  Occident,  quamvU  Ipse  pluri ma  opera 
et  mansura  condiilerit,  mullum  tamen  perpetultati  ejus  scriptorura  taorum 
tctemiuu  addet." — Ptin.  lib.  vi.  Ep.  16. 

f  From  bis  itatiiig  that  he  was  in  his  eighteenth  year  at  the  time  of  the 
catastrophe,  1  infer  that  the  letter  was  written  some  time  afterwards.    "  In- 
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Tacitus  however  can  refer  to  nothing  else  than  this,  when 
he  speaks  of  the  cities  swallowed  up  or  overwhelmed  in  Cam- 
pania*; Martial  contrasts  the  desolation  produced  by  this 
eruption  with  the  smiling  aspect  borne  by  the  mountain  pre- 
viously t;  Suetonius  alludes  to  the  benevolence  evinced  by 
Titus  in  the  case  of  the  sufferers  from  the  event  { ;  Plutarch, 
104  years  afterwards,  speaks  of  the  emission  of  fire  from  the 
mountain,  the  ejection  of  rocks,  and  the  burying  of  many 
dties,  now,  he  says,  so  completely  lost,  that  no  vestige  of 
them  exists  ;  §  Statius,  with  a  prophetic  spirit,  asks,  if  poste- 
rity will  believe  that  cities  and  their  populations  lie  entombed 
under  what  shall  become  hereafter  green  fields  and  fertile  corn 
land  II ;  and,  above  all,  Dion  Cassius,  who  lived  about  a  cen- 
tury and  a  half  afterwards,  gives  us  several  fresh  particulars 
relating  to  the  catastrophe,  mixed  up  with  certain  fabulous 
traditions  connected  with  it  If. 

All  the  specimens  of  antiquity  indeed  which  have  been  re- 
covered from  the  lost  cities,  point  to  an  age  not  later  at  least 
than  that  of  Titus.  None  of  them  betray  symptoms  of  that 
decline  of  art,  which  would  have  been  evident  had  they  been 
entombed  at  a  later  period. 

The  covering  indeed  of  three  entire  cities  under  a  heap  of 
ashes  from  60  to  112  feet  in  depth,  would  seem  an  effort  al- 
ter! m  Miaeni  ego  et  mater :  sed  nihil  ad  historiam,  nee  tu  aliud  quam  de 
exitu  ejus  scire  voluisti." — Plin.  lib.  vi.  Ep.  16. 
*  "  Haustae  autobrutae  urbes  fcecundissimliCampanise  or&." — Hitt.  lib.  i.  ii. 
t  Haec  Veneris  sedes  Lacedsemone  gratior  illi. 
Hie  locus  Herculeo  nomine  clams  erat. 
Cuncta  jacent  flammis  et  tristi  mersa  favillli. 
t  In  viU  Titi,  c.  8. 
§  De  Pythise  Oraculis. 

II  Haec  ego  Chalcidicis  ad  te,  Marcelle,  sonabam 
Littoribus,  fractas  ubi  Vesvius  egerit  iras, 
JEjduIb.  Trinacriis  volvens  incendia  flammis. 
Mira  fides!  credetne  viriim  ventura p/opago. 
Cum  segetes  iterum,  cum  jam  baec  deserta  virebunt. 
Infra  urbes  populosque  premi  ? — (lib.  iv.  78.) 
IT  He  tells  us  that  during  the  eruption  a  multitude  of  men  of  super- 
human stature,  resembling  giants,  appeared,  sometimes  on  the  mountain 
and  sometimes  in  the  caverns  ;  that  stones  apd  smoke  were  thrown  out,  the 
sun  was  hidden,  and  then  the  giants  were  heard,  &c. ;  and  finally  that  two 
entire  cities,  Herculaneum  and  Pompeii,  were  buried  under  showers  of 
ashes,  whilst  the  people  were  sitting  in  the  theatre. — Life  of  Titus. 
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moat  too  gigantic  for  the  powers  of  this  single  mountain,  if 
we  were  not  aware  of  the  vast  depth  at  which  volcanic  opera- 
tions take  place,  and  the  immense  extent  therefore  over  which 
their  influence  may  be  supposed  to  reach.  Il  has  been  cal- 
culated, that  the  masses  ejected  at  different  times  from  Veeu- 
vius  vastly  exceed  the  whole  bulk  of  the  mountain*;  and  yet 
the  latter  seems  upon  the  whole  to  undergo  no  diminution, 
for  the  falling  in  of  its  cone  at  one  period  is  at  least  balanced 
by  the  accumulation  of  ashes  at  another. 

Now  the  cities  of  Stabiic,  Pompeii,  and  Hcrculaneum,  which 
were  destroyed  in  the  course  of  this  eruption,  appear  to  have 
been  overwhelmed,  not  by  a  stream  of  melted  matter,  but  by 
a  shower  of  scorise  and  loose  fragments  of  volcanic  materialsf ; 
for  the  various  utensils  and  works  of  art  that  have  been  dug 
from  thence  nowhere  exhibit  signs  of  fire,  and  even  the  deli- 
cate texture  of  the  papyri  appears  to  have  been  affected,  only 
in  proportion  as  it  had  subsequently  been  exposed  to  air  and 
moisture.  Thus  in  those  at  Pompeii,  which  was  covered  by 
B  mere  uncemented  congeries  of  sand  and  stones,  decomposi- 
tion has  proceeded  so  far  that  their  contents  are  illegible, 
whereas  at  Herculaneum  the  characters  often  admit  of  being 
deciphered,  from  their  havinp;  been  preserved  under  a  species 
of  tuff.  The  formation  of  this  latter  substance  has  been 
explained  on  the  supposition  of  the  ejections  of  the  volcano 
having  been  accompanied  in  this  quarter  by  a  torrent  of  mud, 
which,  favouring  the  agglutination  of  the  loose  materials,  re- 
duced them  to  a  state,  less  consistent  indeed  than  tuff  gene- 
rally is,  but  yet  capable  of  preventing  in  some  degree  the 
access  of  air  and  humidity  to  the  substances  underneath.  Sir 
W.  Hamilton  notices  a  fact,  which  shows  very  conclusively, 
both  that  the  tuff  of  Herculaneum  was  once  in  a  pasty  state, 
and  that  it  owed  its  softness  not  to  heat  but  to  moisture,  the 
head  of  a  statue  that  was  dug  up  having  left  a  cast  in  the  tuff 
which  bad  formed  upon  it,  without  appearing  to  be  itself  in 
the  least  scorched. 

*  This  was  remarked  even  by  the  ancients,  and  Seneca,  Letter  79,  after 
starting  the  difficulty,  flolvea  it  by  remarliing  that  the  fire  of  the  volcano 
"  in  ipso  monte  noo  alimentum  liabet.  Bed  viani." 

t  llie  Btones  that  fell  at  Pompeii  are  said  many  of  them  to  weigb  Bibs., 
the  largest  of  those  at  Stabiie  only  an  ounce. 
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A  remarkable  discovery  has  been  made  by  Ehrenberg  with 
respect  to  the  existence  of  Infusoria  in  the  pumice  and  sand 
which  covered  Pompeii,  as  well  as  in  a  vast  variety  of  similar 
formations.  The  Infusoria  are  here,  as  in  most  other  loca- 
lities hitherto  examined,  of  freshwater  origin,  and  their  ap- 
pearance would  seem  to  indicate,  either  that  the  material  from 
which  the  pumice  was  derived  had  been  produced  by  suc- 
cessive generations  of  these  minute  animalcules,  or  had  for 
a  long  time  constituted  a  suitable  nidus  for  their  growth.  It 
shows  also  that  any  degree  of  heat,  below  that  productive 
of  absolute  liquidity,  and  consequently  of  a  state  of  actual 
vitrifaction  in  the  volcanic  material,  is  compatible  with  the 
preservation  of  the  organic  forms  of  these  bodies.  Obsidian, 
basalt,  and  greenstone  indeed  do  not  appear  to  contain  any 
indications  of  the  kind,  but  a  degree  of  temperature  sufficient 
even  to  generate  crystals  of  augite  has  not,  in  some  cases  re- 
ferred to  by  Ehrenberg,  obliterated  the  siliceous  casts  of  these 
Infusoria*. 

Considering  therefore  the  near  relation  which  probably 
exists  t  (chemically  speaking)  between  the  pumice  and  the  tuff 
of  this  neighbourhood,  I  should  regard  the  former  as  pro- 
duced from  the  latter  by  the  influence  of  a  degree  of  volcanic 
heat,  insufficient  to  destroy  the  infusorial  casts  with  which 
the  materials  had  been  charged  whilst  still  remaining  under 
water— a  supposition  which,  encumbered  as  it  may  be  with 
difficulties,  will  be  viewed  perhaps  as  less  extravagant,  than 
the  idea  of  any  kind  of  organic  being  continuing  to  live  in  the 
interior  of  the  earth,  and  within  the  very  focus  of  a  volcano. 

Mr.  Lyell  indeed  has  suggested  another  possible  explana- 
tion, by  supposing  that  water  charged  with  these  animsJcules 
comes  into  contact  with  the  pumiceous  rock,  and  on  evapora- 
tion leaves  its  animalcules  behind ;  but  the  infinite  number 
of  these  infusorial  shields,  and  the  thorough  incorporation  of 
them  with  the  containing  rocks,  are  opposed  to  such  an  hypo- 
thesis, which  would  also  imply  that  the  water  by  which  the 
fires  of  a  volcano  are  fed  proceeds  from  freshwater  lakes, 
whereas  numerous  facts  point  to  the  sea  as  its  true  source. 

*  See  for  a  full  detail  of  these  new  discoveries  the  Quarterly  Journal  of 
the  Geological  Society  for  August  1846. 
t  See  the  second  chapter. 
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The  derivation  however  from  tuff  of  the  pumice  which  covers 
Pompeii  is  only  proposed  as  a  mutter  of  pure  conjecture,  but 
not  so  the  orif^n  of  the  material  in  which  Herculancum  I 
been  entombed.  We  can  more  confidently  speak  of  this,  aa 
derived  from  the  tuff  with  which  the  flanks  of  the  old  craterof 
Veanvius  up  to  a  certain  height  consist,  for  the  violent  rains 
which  accompany  most  eruptions,  or  perhaps  the  bursting  of 
Q  lake  which  may  have  occupied  the  crater,  might  have  caused 
Borne  part  of  this  incoherent  material  to  be  washed  down,  and 
thus  have  deluged  the  city  with  a  mud  eruption  similar  to  the 
Moya,  which  will  he  described  hereafter,  when  we  speak  of  the 
Tolcanos  of  the  New  World. 

When  at  Naples  In  18.34,  I  visited  eome  excavations  which  were 
going  on  just  above  the  level  of  the  sea.  below  the  town  of  Torre 
del  Aanunziata.  connected  with  a  nemlj-- discovered  warm  spring,  re- 
markable for  the  copious  disengagement  from  it  of  carbonic  acid  gas. 
As  the  buildings  discovered  were  Roroan.  it  is  natural  to  refer  their 
interment  to  the  same  epoch  as  that  of  Pompeii  and  Herculaneuni, 
and  whnt  appears  beet  to  correspond  with  the  position  of  the  place 
is  the  town  or  village  of  Ojilonti,  mentioned  in  the  Tabula  Theo- 
dosiana. 

In  this  document  there  is  attached  to  the  name  Oplonti  the  draw- 
ing of  a  quadrangnlar  building,  and  in  another  part  of  the  same  map, 
where  a  similarly  shaped  edifice  is  delineated,  a  thermal  spring  is  im- 
plied to  have  existed  on  the  site.  It  is  probable  therefore,  that  the 
warm  spring  recently  discovered  was  known  to  the  Romans,  and  that 
the  place  called  Oplonti  was  connected  with  the  establishment. 

The  section  above  the  spring  further  shows,  that  the  place  has  been 
overwhelmed  by  some  other  eruption  subsequent,  for  10  feet  above  the 
buildings  alluded  to  is  a  bed  of  lapilli,  containing  the  roots  of  u  cy- 
press, which  stood  upright  in  the  soil,  and  is  imbedded  in  tuff,  the 
outer  part  carbonised,  the  interior  perfectly  sound.  From  the  level  of 
this  tree  to  the  summit  of  the  clitF  is  a  distance  of  34  feet,  the  whole 
of  the  matter  composing  which  would  appear  to  have  been  deposited 
prior  to  the  year  572  of  the  Christian  «ra,  since  a  coin  bearing  that 
date  has  bees  discovered  in  the  immediate  neighbourhood  a  few  feet 
under  the  soil. 

Whilst  therefore  we  refer  the  interment  of  the  Roman  buildings 
near  the  bottom  of  the  cliff  to  the  eruption  of  79.  we  must  attribute 
the  overlying  layers  of  tuff  and  scoriae  to  another  which  was  subse- 
quent to  it.  but  yet  prior  to  the  ninth  centuiy. 
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It  is  not  my  intention  to  go  through  all  the  subsequent 
eruptions  which  have  taken  place  from  this  volcano  in  detail^ 
since  the  accounts  that  have  been  handed  down  respecting 
them  present  for  the  most  part  little  more  than  vague  pic- 
tures of  the  terror  and  desolation  occasioned^  without  serving 
to  increase  our  knowledge  of  the  pha^nomena  themselves. 

The  second  eruption  appears  to  have  happened  in  the  year 
203,  under  the  Emperor  Severus,  and  is  described  by  Dion 
Cassius  and  Galen  ;  the  third  in  the  year  472,  which  is  said 
by  Procopius  to  have  covered  all  Europe  with  ashes^  and  to 
have  spread  alarm  even  at  Constantinople  *.  Other  eruptions 
are  recorded  as  having  occurred  in  the  years  512,  685,  and 
993. 

In  none  of  the  accounts  that  have  reached  us  of  the  above 
eruptions  do  we  hear  of  anything  having  been  ejected  except- 
ing ashes  and  rapilli ;  but  in  the  next,  which  occurred  in  1036, 
there  appears  to  have  been  likewise  an  eruption  of  lava,  which 
is  stated  to  have  issued  not  only  from  the  summit,  but  also 
from  the  sides  of  the  cone,  and  to  have  reached  the  sea. 

Between  that  date  and  the  commencement  of  the  seven- 
teenth century,  the  volcano  is  only  stated  to  have  been  five 
times  in  a  state  of  complete  activity,  namely  in  1049,  1138, 
1139,  1306,  and  1500 ;  for  the  next  recorded  eruption  was  in 
1631 :  so  that  13  i  years  elapsed  between  this  and  the  one  pre- 
ceding it,  as  well  as  167  years  between  that  in  the  twelfth 
and  fourteenth  .centuries,  if  we  can  depend  upon  our  informa- 
tion regarding  this  dark  period  of  history. 

Accordingly  in  the  interval  between  the  eruptions  of  1500 
and  1631  the  mountain  put  on  the  appearance  of  an  extinct 
volcano,  the  interior  of  the  crater,  according  to  Braccini,  being 
in  1611  covered  with  shrubs  and  rich  herbage,  the  plain 
called  the  Atrio  di  Cavallo  overgrown  with  timber  and  shel- 
tering wild  animals^  whilst  in  another  part  there  were  three 
pools,  two  of  hot,  and  one  of  cold  water,  and  two  of  these 
impregnated  with  bitter  salts. 


*  Silius  Italicus  aptly  compares  the  flight  of  Hannibal's  soldiers  after  the 
great  battle  of  Zama  into  regions  of  Africa  where  the  Carthaginian  name 
had  never  been  heard  of,  to  the  appearance  of  the  ashes  of  a  volcano  in 
places  far  removed  from  the  site  of  its  eruptions  (lib.  xii.)> 
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As  to  the  cone,  which  was  then  six  miles  in  circuRiferencc, 
its  sides  rose  350  leet  above  tlie  plain  just  mentioned,  and 
were  steep  and  barren,  ^^hilst  on  the  summit  was  h  large  cir- 
cular lake  of  great  *lcpth. 

It  is  remarkable  that  during  this  interval  of  repose  the 
elevation  of  the  Monte  Niiovo  occurred,  as  if  the  volcanic 
activity  had  been  temporarily  transferred  to  another  quarter. 

Such  are  a  few  of  the  particulars  related  with  regard  to  the 
condition  of  Vesuvius  previous  to  the  great  eruption  of  1631, 
which  covered  with  lava  the  greater  part  of  the  villages  lying 
at  its  foot  on  the  side  of  the  Bay  of  Naples,  and  destroyed 
4000  people.  Torrents  of  water  also  issued  from  the  moun- 
tain, and  completed  the  work  of  devastation.  The  volcano  is 
likewise  said  to  have  been  in  activity  in  the  years  lfi60, 1682, 
1694,  1697,  and  1C98,  from  which  time  till  the  present  its 
intervals  of  repose  have  been  less  lasting,  though  its  throes 
perhaps  have  diminished  in  \iolence;  for  the  longest  pause 
since  that  time  was  from  1737  to  1751,  and  no  less  than 
eighteen  distinct  eruptions  arc  noticed  in  the  course  of  little 
more  than  a  century,  several  of  which  continued  with  inter- 
mission for  the  space  of  four  or  live  years.  That  of  17-1? 
gave  rise  to  a  stream  of  lava,  which  passed  through  the  vil- 
lage of  Torre  del  Greco,  and  continued  its  coune  until  ar- 
rested by  Uie  sea,  at  which  time  its  solid  contents  were  esti- 
mated at  33,587,058  cubic  feet. 

The  eruption  of  1760  was  remarkable  as  having  ])roceeded, 
not  from  the  cone  itself,  but  at  a  great  distance  from  it  on  its 
southern  flank,  about  one  mile  above  the  convent  of  the 
Camalduli.  Over  the  three  openings  from  whence  three  di- 
stinct streams  of  lava  at  that  time  proceeded,  three  truncated 
conical  craters  were  thrown  up,  which  still  exist,  and  are 
called  Vocali  or  Viuli,  the  interior  cavity  of  the  smallest  of 
which  is  forty  feet  deep.  One  of  the  currents  approached 
within  twelve  paces  of  the  sea  near  Torre  del  Greco. 

Of  the  later  eruptions  one  of  the  most  formidable  was  that 
of  1 794,  recorded  by  Breislac,  himself  an  eye-witness  of  it,  in 
his  travels  in  Campania.  The  torrent  of  lava  that  proceeded 
from  it  again  destroyed  the  town  of  Torre  del  Greco,  and 
advanced  into  the  sea  to  the  distance  of  no  less  than  362 
feet,  with  a  front  of  1127.     The  cubic  contents  of  this  single 


VESUVIUS.  227 

current  are  estimated  by  that  naturalist  at  46,098^766  cubic 
feet. 

The  eruption  of  1813  has  been  described  by  Menard  de 
Groye,  and  that  of  1822  by  Monticelli,  which  may  be  singled 
out  for  our  especial  study,  not  as  being  in  themselves  of  more 
importance  than  the  rest,  but  as  having  been  illustrated  by 
more  competent  observer. 

It  is  indeed  only  of  late  that  any  facts  appear  to  have  been 
obtained,  from  an  observation  of  these  phaenomena,  that  pro- 
mise us  the  least  insight  into  their  real  nature,  owing  to  the 
mistaken  course  pursued  by  our  forefathers  in  taking  account 
only  of  the  grander  operations  of  the  volcano,  which  in  reality 
are  of  all  others  the  least  instructive,  from  being  accompanied 
with  circumstances  of  terror  and  risk,  precluding  the  pos- 
sibility of  near  and  accurate  research.     As  the  chemist,  in 
the  investigation  of  a  new  substance,  will  often  light  upon 
properties,  when  operating  on  a  single  grain,  which   had 
escaped  his  notice  when  embarrassed  with  a  larger  quantity, 
80  it  may  often  happen  that  the  minor  eruptions  of  a  volcano, 
which  vulgar  observers  overlook,  reveal  to  us  phaenomena 
that  had  been  unperceived  amidst  the  terror  and  confusion 
of  its  more  violent  commotions ;  and  if  the  naturalist  be  dis- 
appointed in  witnessing  the  effects  on  a  less  magnificent  scale 
than  he  could  have  desired,  he  will  be  amply  repaid  by  being 
enabled  to  investigate  them,  at  a  time  when  no  considerations 
of  a  personal  nature  control  or  interrupt  his  proceedings. 
Nevertheless,  as  every  degree  of  energy  in  the  volcanic  pro- 
cesses may  be  expected  to  give  rise  to  certain  new  phaeno- 
mena, an  account  should  be  taken  of  the  circumstances  that 
present  themselves  on  the  mountain  from  a  state  of  the  most 
languid  to  that  of  the  most  vigorous  action,  and  it  is  only  by 
combining  observations  made  during  a  considerable  period, 
such  as  may  include  aU  these  varieties  of  condition,  that  we 
can  hope  to  obtain  correct  data  on  which  to  build  a  theory  of 
volcanic  operations. 

Now  from  the  year  1822  we  may  glean  something  more 
approaching  to  a  connected  history  of  the  volcano,  although 
nothing  that  can  be  compared  with  that  diary  of  its  opera- 
tions, which,  it  is  to  be  hoped,  will  be  henceforward  preserved, 
now  that  the  king  of  Naples  has  erected  on  the  flanks  of 
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Vcsuviua  above  the  Hermitagej  a  meteorological  obscr^'al 
which,  it  is  said,  is  to  be  placed  under  the  care  of  the 
brated  Melloni. 

I^reviously  to  the  year  1S22,  there  had  been  formed  in  the 
interior  of  the  great  crater  hy  the  gradual  accumulation  of 
scoriae  and  fragments  of  rock,  a  cone  which  possessed  an  ele- 
vation greater  than  that  of  the  Punta  di  Palo,  the  summit  of 
the  Monte  Somma.  The  whole  of  this  was  blown  into  the 
air  by  the  eruption  of  that  yeiir,  and  a  hollow  existed  in  the 
crater  not  less  than  800  feet  in  depth. 

Such  was  the  state  of  the  volcano  when  I  visited  it  in  Its 
then  tranquil  condition,  for  the  first  time  in  1S24,  the  interior 
of  the  crater  being  at  that  time  inaccessible  from  the  steep- 
ness of  its  sides,  even  if  it  had  not  been  unapproachable, 
owing  to  the  copious  evolution  of  steam  and  sulphureous 
gases  at  that  time  fiUing  the  cavity. 

In  March  182?  a  small  cone  began  to  form  at  the  bottom 
of  the  great  crater,  and  this  continued  to  throw  up  scoria; 
with  greater  or  less  activity  during  the  two  succeeding  years. 
In  May  18.30  this  cone  was  150  feet  above  the  brim  of  the 
crater,  and  from  that  time  it  wecit  on  enlarging  in  bulk  and 
height  till  August  1831.  On  the  14t!i  of  that  month  there 
was  the  shock  of  an  earthquake,  followed  by  much  steam, 
sand  and  lava,  which  remained  within  the  crater.  On  the 
18th  of  the  September  following  the  lava  burst  forth,  and  on 
the  20th  flowed  rapidly  down  the  mountain  in  the  direction 
of  Bosco  Reale.  The  eruption  continued  till  the  end  of  the 
following  February. 

The  effect  of  the  eruption  of  1831  was  to  clear  the  crater 
in  great  measure  of  the  accumulated  mass  of  scoriEe  contained 
within  it,  but  soon  afterwards  two  new  cones  began  to  be 
formed  in  its  interior  by  fresh  ejections  of  volcanic  matter. 

In  the  month  of  August  1834*  these  cones  disappeared, 
being  swallowed  up  apparently  within  the  recesses  of  the 
mountain.  About  the  same  time  lava  began  to  flow  from  the 
western  side  of  the  crater,  and  subsequently  a  more  powerful 
stream  issued  from  a  point  outside  the  crater  on  the  eastern 
side  of  the  mountain, 

"  See  my  account  of  this  eruption  in  the  Philosophical  Transactions 
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This,  swelled  by  several  other  currents  proceeding  from  ad- 
joining points,  descended  the  slope  of  the  mountain  until  it 
reached  Mauro,  sweeping  away  with  it  the  village  and  part 
of  the  casino  of  the  prince  of  Ottayano,  and  blocking  up  the 
road. 

Widening  as  it  descended,  the  current  had  acquired,  by  the 
time  it  reached  the  base  of  the  mountain,  a  breadth  of  nearly 
half  a  mile,  although  its  depth  averaged  from  fifteen  to  eighteen 
feet ;  so  great  was  the  quantity  of  lava  emitted,  by  the  abun- 
dance of  w^hich,  no  less  than  by  the  violence  of  the  accom- 
panying explosions,  this  eruption  was  distinguished. 

Arriving  at  Naples  in  the  month  of  November,  I  examined 
the  lava  stream,  which  though  hard,  at  least  on  the  surface, 
still  retained  a  part  of  its  original  heat ;  for  a  thermometer 
placed  upon  the  bed  of  lava,  after  the  scoriae  on  the  surface 
had  been  removed,  speedily  rose  to  390°  of  Fahrenheit ;  and 
similar  indications  were  obtained  by  means  of  a  pyrometer  of 
DanielPs  construction,  introduced  into  a  cavity  in  the  coulee. 

Yet,  notwithstanding  the  high  temperature  at  which  it  had 
issued  from  the  interior  of  the  earth,  and  that  which  it  still 
retained,  after  a  period  of  four  months,  the  lava  continued 
to  emit  from  numerous  cracks  and  crevices  much  aqueous 
vapour,  impregnated  with  free  muriatic  acid  and  with  muriate 
of  ammonia  coloured  by  iron.  As  these  volatile  bodies  were 
evidently  entangled  in  the  lava  itself,  and  did  not  proceed  from 
the  ground  on  which  the  latter  rested,  I  can  only  account  for 
the  phaenomenon  by  a  kind  of  adhesive  aflSnity  subsisting  be- 
tween the  mass  of  lava  and  the  substances  which  were  thus 
disengaged. 

Early  in  1839  a  vivid  eruption  took  place,  which  continued 
for  four  days,  in  which  the  points  most  worthy  of  notice  were, 
the  extraordinary  quantity  of  scoriaceous  lapilli  which  fell, 
more  especially  at  Torre  del  Greco  and  Torre  del  Annunziata, 
and  likewise  the  two  currents  of  lava  which  poured  over  the 
crater,  one  taking  the  road  of  the  Fossa  Grande,  the  other 
flowing  in  the  opposite  direction  towards  Ottayano. 

After  such  an  eruption,  the  crater,  cleared  of  its  contents, 
acquired  the  form  of  a  deep  funnel,  accessible  to  its  very 
bottom,  and  it  continued  from  that  time  tranquil  till  the 
autumn  of  1841,  when  a  small  cone  began  to  form  in  it. 
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throiigli  ft  auccesBion  of  small  eji'clions.  This  core*  con- 
tiiiued  to  increase  up  to  the  time  I  visited  it  in  the  Butumn 
of  1S45,  at  uhich  time  it  had  acquired  such  an  elevation, 
that  its  summit  was  distinctly  visible  from  Naples  above  the 
brim  of  the  crater  in  which  it  was  placed.  The  cause  tit  this 
increase  was  evident,  as  every  three  or  four  minutes  there 
took  place  from  its  top  nu  explosion  of  red-hot  stones,  which 
fivlling  for  the  most  part  upon  the  external  slope  of  the  cone, 
tended  at  once  to  enlarge  and  to  elevate  it. 

On  the  2'2nd  of  April  in  that  year,  a  remarkable  ejectioa 
of  fine  crystals  of  leucltc  from  a  narrow  stream  of  lava  near 
the  base  of  the  small  cone  took  place  f-  Their  infunibilily 
caused  them  to  prcsen-e  their  crystalline  form,  though  ejected 
together  with  lava  which  was  itself  in  a  melted  condition. 

Products  of  Vesftviw. 

Having  brought  the  history  of  Vesuvius  down  to  the  pre- 
sent day,  1  shall  next  consider  the  nature  of  the  products 
which  have  from  time  to  time  resulted  from  its  intcntal  ope- 
rations. 

These  in  the  former  edition  of  my  work  1  classified  under 
the  three  heads  of— its  lavas— its  ejected  masses^and  its 
gaseous  exhala^ons ;  meaning  by  the  first  to  include  all 
those  substances  which  formed  the  great  mass  of  the  moun- 
tain ;  by  the  second  those  which  occur  in  small  quantities  in- 
termixed with  the  former,  its  staple  products;  and  by  the 
third,  all  those  substances  n  hich  are  emitted  in  a  gaseous 
condition  from  the  volcano,  ^^  hethcr  existing  in  a  permanently 
elastic  form  afterwards  or  not. 

Retaining  the  same  order  of  considering  the  subject,  I  shall 
begin  by  describing  the  actual  structure  of  the  mountain, 
and  the  characters  of  its  predominant  constituents. 

If  we  may  judge  by  the  section  laid  bare  by  the  great 
fissure  extending  down  the  slope  of  Monte  Somma,  called  the 
Fossa  Grande,  the  whole  of  that  mountain  to  the  height  of 
1500  feet  is  made  up  of  inclined  beds  of  pumiceous  tuff,. 

■  In  1843  il  was  described  by  M.  Roiet,  In  the  Bull.  Soc.  Gtiil.  vol.  i. 
new  Furies,  and  Edinb.  Journ.  of  Science,  p.  IS44. 
t  See  a  memoir  by  Professor  Scacchi  of  Naples. 
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sometimes  composed  of  loose  fragments  uncemented,  some- 
times  as  coherent  as  the  tuff  of  Posilippo. 

The  tuff  may  be  traced  in  this  part  of  the  mountain  as  high 
as  the  Hermitage^  and  there  can  be  but  little  doubt  that  it 
extends  round  the  entire  mountain  to  about  the  same  level, 
although  in  other  parts  for  the  most  part  concealed  by  the 
streams  of  lava  and  ejected  masses  that  have  since  proceeded 
from  the  modern  cone  of  Vesuvius.  Like  the  tuff  of  Puz- 
zuoli,  it  contains  marine  shells^  such  as  exist  in  the  Mediter- 
ranean at  the  present  day,  and  the  limestone  blocks  which  it 
incloses  have  been  even  found  to  have  attached  to  them 
serpulae,  which,  in  spite  of  their  extreme  delicacy,  are  nowise 
damaged,  as  would  have  been  the  case  if  they  had  been 
ejected  from  the  volcano. 

Above  the  Hermitage  we  meet  with  a  series  of  compact 
beds,  which  Dufrenoy  regards  as  the  ancient  lavas  of  Monte 
Somma,  separated  one  from  the  other  by  layers  of  scoriae. 
They  constitute  the  semicircular  crest  of  rocks,  which  are  the 
remains  of  the  ancient  crater,  and  which,  if  continued  round 
that  side  of  the  mountain  which  looks  towards  the  Bay,  would 
entirely  encircle  the  cone  of  Vesuvius.  These  beds  appear 
horizontal  when  seen  from  within,  but  this  arises  from  their 
edges  merely  being  visible,  for  the  exterior  slope  of  the  moun- 
tain, which  is  inclined  at  an  angle  of  about  25°,  is  caused  by 
that  of  the  beds  composing  it,  which  dip  on  all  sides  away 
from  its  centre. 

The  beds  are  composed  of  a  paste,  including  crystals  of 
augite,  leuci^,  and  glassy  felspar.  Dufrenoy  regards  the 
paste  also  as  consisting  of  leucite,  and  it  is  at  least  certain 
that,  in  common  with  the  leucitic  crystals,  it  contains  a  large 
proportion  of  potass.  The  beds  are  in  general  very  regular 
in  thickness,  and  uniform  in  texture,  and  are  intersected  by 
dykes  consisting,  Uke  themselves,  of  a  kind  of  leucitic  por- 
phyry, but  with  a  paste  of  a  more  compact  character  and  of  a 
finer  grain,  and  with  crystals  of  leucite  more  regular  in  form 
and  considerable  in  point  of  size,  than  those  in  the  beds  they 
intersect. 

These  dykes  are  sometimes  observed  to  terminate  above, 
and  at  other  times  below,  nor  are  there  wanting  cases  in 
which  they  seem   altogether   inclosed  in  the  substance  of 


333 


THEBN    ITALY. 


the  rock.     Unlike  most  other  dykes,  they  neither  prodi 
any  change  in  the  position  of  the  heds,  nor  in  the  character 
of  the  rock  with  which  they  are  in  contsi;!. 

The  following  will  give  an   idea  of  the  dykes  of  Mont« 
Soruma,  and  their  connexion  ivith  the  rock  which  they  tra- 
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Dykea  nf  Montt  SowBut,  f cnrjiu. 

Whatever  theory  we  may  adopt  with  respect  to  the  forma- 
tion of  the  beds  in  which  these  dykea  occur,  it  is  probable 
that  we  shall  all  concur  in  considering  them  produced  by  the 
injection  of  a  leucitic  lava  into  cracks  which  previously  existed 
in  the  containing  rock. 

The  semicircular  crest  of  the  Monte  Somma  is  separated 
from  the  cone  of  Vesuvius  by  a  valley  called  the  Atrio  di 
Cavallo,  which  is  covered  over  by  streams  of  lava  that  have 
flowed  from  the  present  volcano. 

The  cone  of  the  latter  consists  of  lavas  and  ejected  masses, 
altogether  differing  in  mineralogical  character  and  chemical 
constitution  from  the  products  of  the  Monte  Somma. 

The  last-named  mountain,  as  we  have  seen,  contains  much 
leucite,  and  is  consequently  rich  in  potass ;  whilst  Vesuvius 
is  totally  destitute  of  this  mineral  according  to  Dufrenoy, 
although  this  is  disputed  by  Abich,  both  of  whom  however 
agree  in  assigning  to  it  a  much  larger  amount  of  soda  than 
is  present  in  the  Monte  Somma*. 

*  Accordingly  whilst  the  lavas  of  Monte  Somma  are  nearly  insoluble  in 
acids,  those  of  Vesuvius  gt'oerally  ore  dissolved  in  muriatic  acid  in  the 
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The  composition  of  the  several  streams  is  upon  the  \^  hole 
pretty  uniform ;  but  their  compactness  varies  much^  accord- 
ing to  the  angle  at  which  they  had  to  descend,  and  the  con- 
sequent rate  of  their  movement. 

Dutrenoy  and  Elie  de  Beaumont  have  endeavoured  to  esta- 
blish, that  no  lava  current  which  has  flowed  down  an  incli- 
nation of  more  than  two  degrees  ever  assumes  a  crystalline 
texture ;  when  the  inclination  is  greater  than  this,  the  whole 
mass  consists  of  incoherent  and  scoriaceous  fragments ;  and 
in  cases  where  it  is  very  steep,  obtains  that  ropy  consistence 
which  is  so  remarkably  seen  on  the  surface  of  many. 

It  is  only  w^hen  the  stream  reaches  a  nearly  level  surface, 
that  the  inferior  portion  of  the  mass  can  acquire  a  stony  aspect 
and  a  structure  approaching  to  the  columnar,  the  upper  sur- 
face remaining  cellular  or  scoriaceous. 

Such  is  the  case  with  the  lavas  of  Granitello  and  La  Scala 
situated  on  the  sea-coast,  the  first  near  Resina,  the  latter  on 
the  road  to  Torre  del  Greco,  the  appearance  of  which  latter 
reminds  one  a  little  of  those  prismatic  forms  which  basalts  of 
the  older  trap  formations  so  frequently  assume. 

Now  this  circumstance  alone  establishes,  in  the  opinion  of 
these  distinguished  French  geologists,  a  marked  line  of  de- 
marcation between  the  lavas  of  Somma  and  of  Vesuvius ;  for 
as  the  former  are  compact  and  crystalline,  it  is  to  be  inferred, 
that  they  cannot  have  flowed  down  a  slope  equal  to  that  which 
the  greater  part  of  the  Vesuvian  lavas  have  descended ;  and 
hence,  as  their  beds  are  at  present  inclined  at  an  angle  of  more 
than  twenty  degrees,  they  must  have  been  upheaved  subse- 
quently to  their  emission. 

Nor  are  evidences  of  upheaval  limited  to  the  leucitic  rocks 
which  constitute  the  summit  of  Monte  Somma,  for  as  we 
have  seen,  the  tuff  underneath  would  seem,  from  its  resem- 
blance to  that  of  Posilippo,  and  from  the  existence  in  it  of 
marine  shells,  to  have  been  once  at  the  bottom  of  the  sea,  so 
that  it  must  have  subsequently  been  subjected  to  the  same  ele- 
vatory  movement  which  the  former  appear  to  have  undergone. 

The  full  discussion  of  this  question  is  reserved  for  a 
future  page ;  but  it  would  be  improper  to  conceal  from  ray 

proportion  of  four  to  one.  See  his  '  Parall^Ie  entre  les  diffi^rens  Products 
Volcaniqucs  de  Naples/  &c.  in  the  fourth  vol.  of  the  'M^moires  pour  servir 
k  une  D^scr.  G^ol.  de  la  France.' 
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readers  the  fact,  tliat  the  theory  above  stated  has  met  with 
many  determined  opponents  both  iu  France  and  in  England. 

It  may  be  remarked  however,  that  Mr.  Lyell,  the  most  pro- 
minent of  those  who  have  objected  to  it  in  this  country,  admiU 
the  probability  that  the  greater  part  of  the  beds  of  the  Val  di 
Bovc  in  Etna,  to  which  the  same  argument  apphes  as  to  those 
we  have  been  just  considering,  were  originally  leaa  inclined 
than  they  are  seen  to  be  at  present. 

This  admission  ou  his  part  narrows  the  field  of  dispute 
greatly,  and  leaves  it  open  to  iia  either  to  adopt  the  elevation 
theory  of  Von  Buch  as  applicable  to  these  volcanoa,  or  the 
Btep-by-step  upheavement  which  is  the  other  alternative, 
according  as  we  are  most  disposed  to  adopt  the  notion,  of 
paroxysmal  eruptions  alternating  with  long  periods  of  tran- 
quillity, or  of  the  long- continued  operation  of  existing  forces 
acting  only  with  their  present  intensity. 

Without  denying  that  the  former  theory,  as  apphed  to 
Vesuvius,  is  attended  with  some  difficulties,  I  conceive  that 
the  objection,  in  limine,  which  has  been  alleged  against  our 
entertaining  it,  on  the  ground  that  it  would  be  un philosophical 
to  ascribe  a  difi'erent  mode  of  formation  to  Monte  Somma, 
from  that  which  we  witness  going  on  before  us  at  Vesuvius, 
seems  removed,  if  it  can  be  shown  that  the  products  of  the 
two  mountuns  are  different  both  in  texture  and  in  cheimcsl 
composition,  and  therefore  have  been  produced  under  two 
different  conditions. 

An  opposite  view  of  the  structure  of  Monte  Somma  has 
however  been  taken  by  M.  Necker  de  Saussure  in  an  inter- 
esting Memoir  published  in  the  'Transaction a  of  the  Academy 
of  Geneva,'  and  a  similar  explanation  of  it  is  offered  by  Mr. 
Scrope  in  his  '  Considerations  on  Volcanos ;'  these  however 
I  need  not  do  more  than  allude  to,  as  they  have  been  fully 
put  before  the  public  in  Mr.  Lyell's  '  Principles  of  Geology,' 
a  work  which  is  in  the  hands  of  all  who  interest  themselves 
in  such  subjects. 

From  the  materials  which  constitute  the  great  bulk  both 
of  the  ancient  and  modern  volcano,  let  us  next  turn  to  the 
consideration  of  what  I  have  called  the  ejected  masses — not 
meaning  by  that  term  the  fragments  of  various  sizes,  which 
being  thrown  up  into  the  air,  descend  in  a  solid  form  and 
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accumulate  round  the  orifice — ^for  these^  though  in  a  more 
cellular  condition,  agree  in  chemical  characters  with  the  lavas 
of  the  same  epoch — but  those  extraneous  bodies  which  are 
found  scattered  amongst  the  staple  products  of  the  volcano. 

Those  that  may  be  referred  to  the  ejections  of  Monte 
Somma  are  of  peculiar  interest.  They  are  accumulated  in 
the  Fossa  Grande  and  other  hollow  ways  on  the  slope  of  the 
mountain,  where  torrents  have  exposed  a  section  of  the  se- 
veral beds.  I  have  collected  in  these  situations  a  series  of 
granular  limestones,  nowise  inferior  in  the  fineness  of  their 
grain  to  those  found  in  primitive  districts,  yet  the  only  cal- 
careous rock  met  with  in  the  neighbourhood  is  the  coarse 
limestone  of  the  Apennines,  and  it  seems  therefore  not 
altogether  improbable,  that  the  conversion  of  this  stone  into 
marble  may  have  been  effected  by  volcanic  agency*.  Breislac 
mentions,  that  Dr.  Thomson  observed  the  same  change  to 
take  place  sometimes  in  calcareous  stones  exposed  to  the  heat 
of  a  lime-kiln,  and  that  a  specimen  of  that  kind,  one  half  of 
which  is  common  limestone,  the  other  marble,  is  at  present 
among  the  specimens  bequeathed  by  that  naturalist  to  the 
University  of  Edinburgh f. 

The  variety  of  mineral  species  enumerated  by  Signers 
Monticelli  and  Covelli  as  found  by  them  amongst  the  ejected 
masses  appeared  to  be  so  great^  that  in  the  former  edition  of 
this  work  I  abstained  from  any  mention  even  of  their  names. 

Subsequently  however,  the  present  intelligent  Professor  of 
Mineralogy  at  Naples,  Scacchi,  has  shown,  that  many  of  these 
are  mere  synonyms  or  varieties  of  other  species,  and  thus 
has  succeeded,  although  the  discoverer  of  several  new  mine- 
rals at  Vesuvius,  in  reducing  the  whole  catalogue  within  a 
moderate  compass. 

The  following  then  is  the  table  which  he  has  given,  in 

*  Cornelius  Severus,  in  his  spirited  poem  on  Etna,  has  happily  ex- 
pressed the  distinction  between  the  substances  to  which  the  volcanic  fire 
has  given  new  properties^  and  those  which  it  has  only  partially  affected- 
Pars  igni  domitse, — pars  ignem  ferre  coactae. 

The  existence  of  magnesia  in  most  of  these  specimens  is  a  circumstance 
well- worthy  our  attention,  as  it  does  not  seem  to  be  common  in  the  lime- 
stone of  the  Apenniues. 

t  Breislac,  Institut.  Geol.  §  255.  The  fact  is  rendered  more  probable 
from  the  researches  of  F*araday,  who  has  shown  that  carbonic  acid  cannot 
be  expelled  from  limestone  unless  steam  be  present. 
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whicti  those  minerals  which  are  found  at  Monte  Somma, 
and  the  inoclcrn  part  of  the  mountain  distinguished  as  Vesu- 
vius, are  duly  specified. 


Minerals  found  about  Vesuvius. 


Sr.  Scoritt. 
D.  Dykes. 


nuate  of  lime 

Phosphate  of  lime  

Carbonate  of  lime   

CarLonate  of  magneiia  (GiobcniteJ  .. 

PeridotG  (MonticeUitej  

WolUataniie    

Hornblende 


Saicolite 

Mdlmu  

HumboUUte  (ZnriiM,  SomwrlUite} 

Sonmile  (Neplidine,  Qnyae,  Cmlinite)  . 

GItuy  felipai-*   

Anortliite  (Christianite,  Biotine)  

Idocraie  

Sodalile  (moat  frequent)    


GisniODdjne 


When  fuuiul. 


E.  ]}. 

E.  B.  and  L. 

E.  U. 

E.  B.  and  D. 
E.  B. 
E.  B. 
E.  B. 


£.  B. 

L. 
E.  B. 
E.  B. 


B.B. 
E.  B. 
B.H. 


Pleona 


—  of  copper   . 


OxidulnlMl  iron  

HydnMeofiron  

Sulphiirel  of  iron  aiid  co 

Liver-coloured  pyritea 

NigTinet. 

Sphenc 


In  explanation  of  the  term  Erratic  Blocks,  I  may  remark, 
that  amongst  the  loose  fragments  of  the  Fossa  Grande,  por- 
*  Commoner  in  the  frachytie  than  the  leudtic  products. 
t  Sand  of  the  shore  near  Vesuvius. 
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tions  of  volcanic  matter  seem  to  have  been  detached  from 
some  torrent  of  lava  that  lay  within  the  sphere  of  the  volcanic 
operations ;  these  disrupted  masses  are  called  Erratic  Lavas, 
to  express  at  once  their  supposed  origin,  and  to  separate  them 
from  such  as  constitute  a  part  of  some  existing  current. 

It  appears  from  this  statement,  that  the  greater  number  of 
the  above  minerals  are  confined  to  Monte  Somma,  and  that 
the  only  ones  at  present  known  to  be  produced  by  Vesuvius 
are,  augite,  hornblende,  breislakite,  mica,  magnetic  iron,  soda- 
lite,  and  more  rarely  leucite,  if  indeed  the  latter  be  not  merely 
ejected. 

The  gaseous  exhalations  given  off  by  Vesuvius  both  in 
1834  and  in  1845,  when  I  made  them  the  subject  of  a  parti- 
cular examination*,  proved  to  be  muriatic  acid  and  aqueous 
vapour ;  but  on  neither  of  these  occasions  could  the  moun- 
tain be  regarded  as  in  a  tranquil  state,  when  I  suspect  sul- 
phur would  be  found  to  be  disengaged  in  combination  either 
with  oxygen  or  with  hydrogen  gases. 

*  The  apparatus  I  employed  for  collectiDg  those  gases  which  might  be 
absorbable  by  water,  consisted  of  the  head  of  a  large  glass  alembic,  having 
lated  to  its  larger  aperture  an  iron  cylinder,  which  admitted  of  being  in- 
troduced into  the  earth  at  the  spot  from  which  the  vapour  issued. 

By  keeping  the  upper  part  of  the  glass  vessel  cold  by  the  external  appli- 
cation of  ice  or  wet  cloths,  I  succeeded  at  Vesuvius  on  two  occasions,  and 
likewise  at  the  Solfatara,  and  at  the  Lipari  Islands,  in  condensing  a  quan- 
tity of  the  steam  sufficient  for  ascertaining  the  nature  of  the  gases  with 
which  it  was  impregnated. 

In  order  to  determine  the  gases  not  readily  absorbable  in  water  which 
might  issue  from  the  orifice  of  the  volcano,  I  could  devise  no  better  plan, 
than  that  of  a  large  funnel  covering  the  aperture,  to  the  tube  of  which 
was  attached  a  long  flexible  india-rubber  tube.  The  latter  communicated 
with  a  glass  bottle  having  two  apertures,  into  the  upper  one  of  which  the 
flexible  tube  was  inserted,  whilst  the  lower  could  be  opened  or  shut  at 
pleasure  by  means  of  a  stop-cock.  The  bottle  being  filled  with  water, 
and  the  funnel  inserted  into  the  fumarole,  it  is  evident,  that  on  opening  the 
stop-cock  the  air  of  the  funnel  would  be  drawn  into  the  bottle,  in  propor- 
tion as  the  water  escaped. 

I  made  trial  of  this  apparatus  at  the  crater  of  Vesuvius  in  October  1845, 
and  found  that  the  air  admitted  into  the  glass  vessel  was  charged  with  car- 
bonic acid,  as  it  rendered  lime-water  immediately  turbid ;  but  not  being 
able  to  meet,  amongst  the  scoriae  and  lapilli  which  were  present  in  the 
crater,  any  material  of  a  plastic  and  adhesive  nature,  by  which  the  access 
of  external  air  could  be  excluded  from  the  funnel  when  the  latter  was 
placed  over  the  fumarole,  I  regarded  it  a  waste  of  time  to  institute  any 
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I  had  reason  to  suspect  the  presence  of  carbonic  acid,  but 
no  unexceptionable  means  of  proving  it  occurred  to  roe.  1 
have  stated  that  muriate  of  ammonia  was  also  present  in  the 
lava  of  1834,  but  none  could  be  detected  at  that  time  pro- 
ceeding from  the  crater  itself. 

It  has  been  asserted,  that  nitrogen  ^as  is  also  disengaged, 
but  I  was  ujiable  to  devise  a  mode  of  determining  whether 
Buch  was  the  case  when  1  visited  the  crater. 

Nor  ought  I  to  omit  stating,  that  Professor  Pilla  has  lately 
observed  flames  on  three  occasions  issuing  from  the  crater 
whilst  in  an  active  condition,  from  which  it  may  be  inferred, 
that  hydrogen  gas  in  some  of  its  combinations  ranks  amongst 
tiie  aeriform  products  of  this  volcano.  A  full  discussion  how- 
ever of  a  fact  so  important  will  be  best  introduced,  when  the 
theory  of  volcanos  cornea  under  our  consideration. 

Besides  these  products  however  which  belong  to  the  more 
active  states  of  the  volcano,  fatal  Moffettes,  or  exhalations  of 
noxious  gases,  are  given  out  from  crevices  in  all  parts ;  they 
are  frequently  found  in  the  cellars  of  Portici  and  llesina  after 
an  eruption,  and,  as  already  stated,  when  they  rise  up  through 
the  land,  prove  speedily  destructive  to  vegetation.  They  are 
supposed  to  consist  of  carbonic  acid,  and  this  is  undoubtedly 
the  ]»cvaiiuig  ingredient  in  their  composition. 

more  particular  exammatioD  of  the  air  which  had  beea  collected  (han 
could  be  accomplished  by  a  few  hasty  trials. 

The  following  is  a  rcprcaentation  of  the  apparatus  ; — 


LJ' 


A,  Funnel {  B,  CBoutchouc  tube;  C,  Bottle. 


The  advantage  of  this  apparatui  is,  that  the  bottle  can  be  filled  with  the 
gases,  whilst  the  operator  remaioa  at  a  safe  distance  from  the  fumarole. 
But  no  dependence  can  be  placed  upon  the  results,  unless  the  funnel  be 
buried  under  some  material  capable  of  exclnding  the  external  air,  except  in 
cases  where  the  disengagement  of  gat  from  the  famarole  is  going  on  with 
considerable  rapidity. 
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CHAPTER  XIII. 


ISLANDS  OF  PROCIDA  AND  ISCHIA. 

Procida — its  structure. — Ischia — its  tuff — trachvte — lava-streams — hot 
springs  and  vapour  issuing  from  the  rocks — eruptions  in  historical 
times. 

The  neighbouring  islands  of  Procida  and  Ischia  are  likewise 
composed  of  volcanic  rocks  bearing  a  considerable  resem- 
blance to  those  of  the  Campi  Phlegrei. 

The  former  island  seems  to  consist  entirely  of  tuff  sepa- 
rated by  beds  of  cellular  lava.  In  one  part  where  the  coast 
exposes  a  section  of  the  strata^  I  observed  that  they  were  so 
contorted  as  to  represent  an  arch^  whilst  in  the  places  inter- 
mediate, as  well  as  on  either  side^  they  appeared  horizontal. 

This  effect,  happening  as  it  here  does  in  a  volcanic  country, 
seems  attributable  to  the  pressure  of  elastic  vapoiu's  from 
below,  which  may  have  heaved  up  the  strata  round  a  given 
area ;  and  it  will  be  readily  perceived,  that  if  the  force  applied 
had  been  considerable  enough  to  cause  a  disruption  of  the 
beds,  we  should  then  have  had  them  dipping  in  all  directions 
away  from  the  opening,  as  happens  where  a  crater  is  produced. 

In  the  following  sketches  No.  1  represents  the  actual  sec- 
tion, and  No.  2  that  which  would  have  resulted  had  the  force 
been  somewhat  greater.  In  either  case  A  represents  the  beds 
of  tuff,  and  B  those  slaggy  lava  interposed. 
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The  island  of  Iscbla  is  somewhat  more  varied  in  its  com- 
positioD.  It  is  composed  for  th«  most  part  of  a  rock  tTliich 
eeems  to  consist  of  very  finely  comminuted  ptimicc,  reagglii- 
tinated  so  as  to  form  a  tuff,  sometimes  resembling  the  Puzzo- 
lana  of  Naples. 

From  the  very  fine  state  of  division  however  into  which  it 
WBS  reduced  at  the  time  when  it  underwent  consolidation,  a 
rock  has  often  resulted  of  so  homogeneous  a  texture  as  to  be 
considered  a  variety  of  felspathic  lava;  but  I  am,  upon  the 
whole,  rather  disposed  to  believe  it  to  be  a  substance  result- 
ing from  the  reaggregation  of  fragments  of  pumice  and  other 
analogous  products'*'. 

This  formation  is  often  separated  by  beds  consisting  of  loose 
portions  of  pumice  and  obsidian,  and  with  this  exception  nearly 
all  the  island  may  be  said  to  consist  of  tutf,  which  extends 
even  to  the  summit  of  Mount  Epomeo,  its  loftiest  point,  attain- 
ing a  height  of  2605  feet  above  the  sea. 

I  could  discover  nothing  like  a  crater  on  the  summit  of  this 
hill,  but  conceive  its  superior  elevation  to  arise  merely  from 
the  rock  in  this  locality  having  resisted  decomposition  more 
than  it  had  done  elsewhere. 

Although  the  pumiceous  conglomerate,  as  I  shall  venture 
to  call  this  rock,  is  seen  in  every  ])art  of  the  island,  yet  at 
Monte  Vico,  near  the  town  of  Foria,  we  observe  thrust  up 
through  the  midst  of  it  huge  blocks  of  trachyte,  sometimes 
thirty  feet  in  diameter,  consisting  of  a  congeries  of  crystals 
of  glassy  felspar,  without  any  thing  intermediate.  These 
blocks  are  angular  and  of  irregular  shape;  they  seem  in 
some  places  scattered  without  any  order  through  the  sub- 
stance of  the  tuff. 

A  little  beyond  the  village  of  Casamicciola  is  a  conical  hill, 
called  the  Monte  Thabor,   composed  entirely  of  trachyte, 

•  Mr.  Forbes  and  M.  Dufrenoy  both  agree  with  me  b  regarding  the 
rock  of  Mount  Epomeo  as  a  species  of  tulT  or  conglomerate,  although 
Brocchi  and  other  eminent  geologists  considered  it  aa  an  earthy  variety  of 
trachyte.  It  certainly  bears  a  considerable  resemblance  to  the  rock  of  Che 
Puy  de  D6me,  but  there  are  on  the  other  hand  varieties  of  the  pumiceous 
conglomerate  of  Hungary  which  poaseas  in  quite  as  great  a  degree  the 
characters  of  a  trachytic  rock  ;  and  this  consideration,  coupled  with  the 
frequent  presence  of  ecoriform  portions  different  in  colour  from  the  matrix, 
confirms  roe  in  the  view  I  have  taken  of  its  nature. 
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one  variety  of  which  seems  to  approach  to  clinkstone  por- 
phyry. 

This  trachyte  rests  upon  a  bed  of  clay,  sometimes  red  and 
ferruginous,  at  others  blue,  in  which  are  imbedded  several 
species  of  Area,  Murex,  Turbo  and  Trochus,  enumerated  by 
Brocchi  *,  and  found  to  be  identical  with  those  now  living  in 
the  Mediterranean.  Thus  the  date  of  the  trachyte  cannot  be 
anterior  to  that  of  the  newest  members  of  the  tertiary  class 
of  rocks. 

As  we  proceed  from  thence  in  an  easterly  direction  round 
the  coast  of  Ischia,  we  meet  with  evidences  of  volcanic  opera- 
tions belonging  to  a  still  more  recent  date. 

At  Castiglione  the  ground  is  covered  with  loose  fragments 
of  pumice  and  obsidian,  which  appear  to  be  derived  from  one 
or  other  of  two  neighbouring  craters,  namely  Monte  Rotaro 
and  Montagnone.  Still  further  we  cross  the  stream  of  lava, 
called  Arso,  which  issued  from  the  side  of  Monte  Rotaro  in 
the  year  1302,  remarkable  from  the  large  crystals  of  glassy 
felspar  which  are  imbedded  in  it.  Its  surface  is  still  unde- 
composed  and  consequently  barren,  moss  alone  growing  upon 
it,  and  that  only  in  a  few  parts,  a  proof  of  the  number  of  ages 
required  for  bringing  some  lavas  f  into  a  state  fit  for  cultiva- 
tion. This  current  may  be  readily  traced  up  the  mountain 
to  the  point  from  whence  it  issued,  which  is  marked  by  the 
existence  of  a  crater  originating  apparently  from  the  eruption 
itself. 

The  castle  of  Ischia  itself  stands  on  a  projecting  mass  of 
lava,  which  appears  to  have  made  a  part  of  a  current  that 
may  be  traced  to  the  neighbouring  heights  of  Campignano, 
where  it  constitutes  a  sort  of  ridge  resting  upon  the  pumi- 
ceous  conglomerate.  Its  high  antiquity  is  evident  from  the 
changes  that  must  have  since  taken  place  in  the  figure  of  the 
island ;  for  not  only  has  this  promontory  been  separated  from 
the  island  by  some  subsequent  convulsion,  but  we  imme- 
diately perceive  that  a  stream  of  lava  at  the  present  time 

*  Concb.  Subapp.  p.  354. 

t  Tbis  lava  I  find  very  sparingly  soluble  in  muriatic  acid.  I  dissolved 
little  more  tban  ten  per  cent,  by  repeated  digestion  in  that  menstruum, 
whereas  nearly  half  the  weight  was  taken  up  in  the  case  of  the  lavas  of 
Vesuvius. 
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would  pursue  a  very  different  direction,  and,  instead  of  reach- 
ing the  promontory,  would  fill  up  the  valleya  and  indentations 
in  the  coast  which  the  present  current  overlooks. 

Thus  Ischia  appears  to  have  been  subjected  to  volcanic 
action  of  as  many  different  periods  as  the  neighbourhood  of 
Naples  itself,  its  pumiceous  conglomerate  corresponding  with 
the  Puzzolana,  its  trachytes  to  the  rock  of  the  Solfatara,  and 
the  lava  of  the  Capo  d'Arso  to  those  of  Vesuvius.  Even  the 
ancients  were  fully  aware  of  its  volcanic  nature,  attributing  it 
to  the  giant  Typ hocus  being  confined  under  the  mountain; 
and  Strabo  relates  that  a  colony  sent  over  by  Hicro,  tyrant 
of  Syracuse,  was  so  alarmed  by  the  frequent  earthquakes,  that 
they  deserted  the  island*. 

Not  less  was  the  consternation  excited  by  the  eruption 
which  gave  rise  to  the  lava-stream  of  Arso  already  noticed. 
Thus  Villani  in  his  '  Florentine  History'  [lib.  viii.  c.  53)  ob- 
serves, that  in  the  year  1302  a  tremendous  conflagration  broke 
out  from  this  crater,  so  that  through  the  whole  extent  of  the 
island  much  of  the  countrj'  was  consumed  and  laid  waste, 
and  eveu  many  of  the  people  and  of  the  cattle  in  it  were  de- 
stroyed. Multitudes  also,  to  escape  from  the  danger,  fled  to 
Procida,  Capri  and  the  mainland,  and  remained  there  during 
the  continuance  of  the  internal  commotions,  which  lasted 
more  than  two  months. 

At  present  the  only  indications  of  volcanic  action  are  those 
afforded  by  the  hot  springs  so  common  throughout  the 
island. 

In  the  year  1834  I  visited  almost  every  one  of  tbem,  principally 
with  the  view  of  ascertaining  whether,  like  others  that  had  fallen 
within  my  notice  elsewhere,  they  evolved  nitrogen  gas.  The  fol- 
lowing were  the  particulars  which  I  noted  at  the  time  respecting 
them  : — 

Near  the  town  of  Ischia  are  thermal  springs  with  a  temjierature, 
the  one  of  1 22'5''  Fahr.,  the  other  of  102°.  They  have  a  saline  taste, 
and  contain  a  few  white  conferVEe,  but  do  gas  rises  up  through  them. 

Near  Castiglione  are  stufea  or  clefts  in  the  earth  evolving  steam, 
but  no  saline  matter  is  present, 

*  Strabo,  lib.  v.  He  tells  us  that  Ischia  was  torn  bv  some  cunvuUioa 
of  nature  from  the  mainland,  but  this  is  not  probable. 
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Near  Casamicciola  is  the  hot  spring  of  Gurgitello,  having  a  tem- 
perature of  142°,  vith  a  mawkish  and  peculiar,  hut  not  a  saline  taste. 
Near  it  is  the  Aqua  di  Cappone,  where  I  collected  from  the  Baths 
an  efflorescence,  which  appeared  to  consist  of  sulphate  of  soda  and  a 
little  common  salt.  There  are  likewise  some  stufes  proceeding  ma- 
nifestly from  the  same  source  as  the  spring  of  Gurgitello.  Under 
Mount  Thabor  are  the  stufes  of  Cayuco,  issuing  from  the  trachytic 
rock  above  noticed. 

Near  the  sea- shore  at  Lacco  are  the  warm  springs  of  Santa  Resti- 
tuta,  the  temperature  of  which  is  115^,  and  a  little  above  are  the 
stufes  of  San  Lorenzo. 

Near  the  town  of  Foria  on  the  sea- shore  are  the  hot  springs  of 
Citara,  one  of  which  has  a  temperature  of  81^  Fahr.,  the  other  one 
of  1 20^.  A  little  further,  the  road  on  the  sea-shore  is  extremely  hot, 
having  a  temperature  of  130^  one  foot  below  the  surface,  and  emit- 
ting much  steam. 

In  a  deep  ravine  or  water-course  cut  through  the  tuff  and  extend- 
ing to  the  sea  is  the  warm  spring  of  Olmitello  (78°  of  Fahr.),  and  in 
the  village  of  Testaccio  above  is  a  dry  stufe,  or  an  evolution  of  hot 
air  unaccompanied  with  steam. 

In  every  one  of  these  cases  my  attention  was  particularly  directed 
to  ascertaining  whether  gas  was  evolved  from  the  spring,  but  in  no 
one  instance  did  this  occur.  I  also  tested  the  character  of  the  saline 
efflorescences  found  near  the  springs,  with  a  view  of  learning  whether 
ammonia  was  present  in  them,  but  never  succeeded  in  detecting  any 
by  the  usual  tests.  I  also  found  that  the  air  emitted  from  the  stufes 
contained  its  usual  proportion  of  oxygen. 

It  may  therefore  be  concluded,  that  these  warm  springs  and  warm 
vapours  merely  arise  from  the  rains  which  fall  in  the  island,  sinking 
down  into  a  rock  which  still  retains  some  portion  of  the  heat  derived 
from  antecedent  volcanic  operations,  but  not  from  any  going  on  at  the 
present  time,  in  this  respect  therefore  differing  from  the  hot  springs 
of  most  other  localities.  (See  the  Chapter  on  thermal  waters.) 

Where  steam  passes  through  the  rock,  the  fissures  in  it  are  often 
coated  with  a  white  siliceous  incrustation,  which  Dr.  Thomson,  I 
believe,  was  the  first  to  notice  under  the  name  of  Jiorite, 

Dr.  Macculloch*  has  noticed  a  similar  phaenomenon  as  occurring 
in  the  graphic  granite  of  the  Isle  of  Rona,  where  the  surface  of  the 
quartz,  or  chalcedony  as  it  has  been  otherwise  called,  obtains  from 
exposure  to  the  weather  a  glossy  enamel,  arising  apparently  from  a 
partial  solution  of  the  silex.     A  similar  enamel  is  to  be  observed  in- 

*  Geological  Transactions,  vol.  ii.  p.  392. 
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vesting  the  Eandetonea  of  Jura  and  of  Schehallion,  and  in  the  granite 
of  Rockal). 

The  circumstances  of  the  case  are  ccrtably  more  favourable  to 
chemical  uctlon  in  the  vajwur  baths  of  hcliia,  as  the  aqueous  parti- 
elee  are  jiresented  to  the  silex  at  a  high  temperature,  and  in  a  minute 
state  of  divifiioii,  at  the  momeat  of  their  deposition  from  the  state  of 
vafKiur, 

I  need  not  insist  upon  the  analogy  between  the  above  phenomena 
and  those  presented  at  the  Geysers  in  Iceland  hereafter  to  be  de- 
scribed, but  I  may  remark,  that  similar  concretions  are  noticed  as 
occurring,  among  the  volcanic  rocks  of  the  Solfatara  near  Naples, 
and  of  Santa  Fiora  in  Tuscany ;  by  Humboldt  at  Tencrifie :  and  by 
Von  tiuch  in  Laucerole.  In  these  eases,  the  alkali,  which  in  the 
Iceland  Geysers  is  supposed  to  assist  in  dissolving  the  silex,  doea 
not  appear  to  be  present.  The  late  esperiments  by  Dr.  Turner,  on 
the  power  which  high-pressure  steam  possesses  to  diBBolve  eilica, 
may  perhaps  throw  light  upon  this  phtenomenon. 
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CHAPTER  XIV. 

LI  PARI  GROUP  OF  ISLANDS. 

StromboU — its  crater — unintermittiDg  character  of  its  eruptions — tuff  and 
dykes  of  lava.  Lipari— central  portion,  consists  of  tuff — acted  on  by 
sulphureous  vapours.— Southern  portion,  composed  of  pumice  and  obsi- 
dian.— Northern  portion  the  same. — Glassy  lavas.  Volcano — descrip- 
tion of  its  crater — date  of  the  last  eruptions.  Panaria  described. — Basi- 
lazzo — Salina — Felicudi — Alicudi — Ustica. 

The  Lipari  Islands^  between  Naples  and  Sicily,  are  made  up 
of  a  class  of  volcanic  formations  analogous  to  some  of  those 
we  have  been  just  considering. 

Like  the  neighbourhood  of  Naples  too,  they  afford  us  the 
means  of  comparing  the  products  of  active  and  half-extin- 
guished volcanos,  with  those  which  have  arisen  from  the  same 
cause  at  earlier  periods. 

The  volcanic  action  here  seems  to  have  been  developed 
along  two  lines^  the  one  nearly  parallel  to  that  of  the  Apen- 
nines, beginning  with  Stromboli,  intersecting  Panaria,  Lipari 
and  Volcano,  and  exhibiting  traces  of  its  prolongation  on  the 
coast  of  Sicily  in  the  fumaroles  which  are  evolved  from  the 
rocks  of  Cape  Colara ;  the  other  extending  from  Panaria  to 
Salina,  Alicudi  and  Felicudi,  and  again  visible  in  the  volcanic 
products  that  make  their  appearance  at  Ustica. 

The  Map  at  the  end  of  the  volume  shows  the  connexion 
between  these  several  islands,  which  it  is  the  purpose  of  the 
present  chapter  to  describe. 

Stromboli. 

The  island  of  Stromboli  consists  of  a  single  conical  moun- 
tain, having  on  its  summit  a  circular  crest  of  rocks  broken 
away  on  one  of  its  sides,  which  Hoffman*  regarded  as  a  crater 

*  Poggend.  Annal.  vol.  xxvi.  for  1832. 
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uf  thcalion  encirtliDg  a  smaller  crater,  also  itnperiVct  oa  the 
side  looking  towards  the  sea,  from  which  the  present  erui>- 
tions  take  place. 

These  consist  of  ejections,  repeated  at  very  short  intervals, 
of  stones,  scoriiE  and  ashes,  which  either  fall  back  within  the 
crater,  or  are  carried  in  one  or  the  other  direction,  according 
to  the  drift  of  the  wind.  As  however  the  active  crater  is 
placed  on  the  slo[)e  of  the  precijiice,  and  not  upon  its  summit, 
the  ejected  matters  tend  but  little  to  increase  the  accumulation 
uf  substances  in  its  immediate  neighbourhood,  but  are  for  the 
most  part  canied  into  the  sea. 

Hoffman,  who  visited  the  island  since  myself,  describes 
three  openings  in  the  crater  which  gives  vent  to  the  present 
energy  of  the  volcano.  Tlic  largest  of  the  three  is  constantly 
evolving  aqueous  vapour ;  the  second,  besides  steam,  is  con- 
stantly discharging  red-hot  stones  and  scoria: ;  the  third  only 
lava. 

Placed  on  a  favourable  position  for  surveying  the  whole 
Bceue,  Hoffman  could  distinctly  perceive  the  molten  mass 
rising  and  falHng  successively  some  twenty  feet  within  this 
hollow,  and  the  rush  of  air  through  it  was  manifested  by  the 
noise,  w  hich  resembled  the  roariug  of  a  smelting  furnace  when 
the  door  which  conlines  its  gastous  jjroducts  is  opened.  At 
perfectly  regular  intervals  a  louder  detonation  was  heard,  fol- 
lowed by  an  escape  of  steam  from  the  aperture,  and  by  the 
ejection  of  blocks  of  lava  to  a  great  height.  A  pause  would 
then  take  place,  until  after  a  short  interval  the  same  train  of 
operations  was  renewed. 

Similar  reports  are  given  by  Mr.  Scrope,  by  Capt.  Smyth, 
and  by  Spailanzani.  For  my  own  part,  it  was  with  consider- 
able difficulty  that  1  reached  the  summit  of  the  mountain, 
which  rises  at  an  angle  often  of  nearly  40°,  and  is  covered 
completely  with  volcanic  sand,  consisting  of  titaniferous  iron, 
amongst  which  I  found  numerous  crystals  of  augite,  and 
masses  of  black  pumice,  or  of  a  highly  scoriform  and  6brous 
description  of  lava  which  seems  to  approach  nearly  to  that 
mineral*. 

•  Humboldt  remarks  {Pers.  Narr.  vol.  i.  [).  326)  that  he  has  sten  black 
puniice-itoncs  in  which  augite  and  hornblende  arc  easily  recognised  ;  they 
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On  looking  down  from  that  elevation  upon  the  volcano^  it 
appeared  to  me  that  its  minor  explosions  were  in  general 
almost  continuous^  but  that  the  greater  ones^  which  alone 
were  audible  below,  take  place  at  intervals  of  about  seven 
minutes.  The  latter  were  sufficiently  terrific  to  give  me  an 
idea  of  what  takes  place  during  an  eruption  of  Etna  or 
Vesuvius,  but  as  the  wind  did  not  blow  the  stones  in  our 
direction,  we  should  have  incurred  no  considerable  risk  in 
approaching  it  nearer.  On  expressing  however  this  wish  to 
my  guides,  I  was  reminded,  by  their  refusing  to  Accompany 
me,  of  the  remark  which  Spallanzani  makes  in  respect  to  the 
superstitious  horror  entertained  in  his  time  by  the  Liparotes 
of  the  crater  of  Volcano,  which  obliged  him  to  procure  a 
Calabrian  for  his  attendant ;  and  finding  that  no  one  would 
venture  to  accompany  me  nearer,  I  thought  it  prudent  to 
abandon  the  attempt. 

The  most  remarkable  circumstance  connected  with  the  ope- 
rations of  this  volcano  is  their  regularity  and  uninterrupted 
character.  I  have  already  remarked  that  tliere  is  a  continual 
recurrence  of  explosions,  to  which  may  be  added,  that  from 
the  smaller  and  lower  of  the  three  apertures  within  the  crater, 
a  small  stream  of  lava,  like  a  perennial  fountain,  is  constantly 
issuing.  It  flows  down  the  mountain  in  the  direction  of  the 
sea,  which  however  it  never  appears  to  reach,  becoming  solid 
before  it  arrives  at  that  point.  Some  portions  however  of  the 
congealed  mass  are  continually  detached  and  roll  down  into 
the  water. 

No  cessation  indeed  has  ever  been  noticed  in  the  operations 
of  this  volcano,  which  is  described  by  writers  antecedent  to 
the  Christian  sera  in  terms  which  would  be  well-adapted  to 
its  present  appearances*. 

are  less  light,  of  a  spongy  texture,  and  rather  cellular  than  fibrous :  we 
might  be  tempted  to  tiiink  that  these  substances  owe  their  origin  to  basaltic 
lavas.  He  has  observed  them  in  the  volcano  of  Pichincha,  as  well  as  in 
the  tufa  of  Posilippo  near  Naples. 

*  Callias,  a  contemporary  of  Agathocles,  who  made  himself  absolute  in 
Sicily  from  b.c.  317  to  289,  is  quoted  by  the  Scholiast  to  Apoll.  Rh. 
iii.  41,  as  mentioning  the  fires  of  Li  pari,  meaning  probably  Stromboli, 


r 


S4S  LIPARI  QROUP. 

The  uninterraitting  character  of  the  eruptions  at  Stromboli 
appeara  to  arise,  aa  Mr.  Scrope  has  suggested,  from  the  exact 
proportion  maintained  between  tbc  expansive  and  repressive 
force.  The  expansive  arises  from  the  generation  of  a  certain 
amount  of  aqueous  vapour  and  of  clastic  fluids,  the  repressive 
from  the  preaaure  of  tlie  atmospliere  and  from  the  weight  (rf" 
the  superincunibent  volcanic  products.  In  most  volcanos  the 
gradual  accumulation  of  Gcorise  and  fragments  of  rock  around 
the  oriliee  increases  the  repressive  force,  until  it  controls  tor 
a  time  the  expansive  energy;  but  at  Stromboli  no  such  accu- 
mulation takes  place,  because  the  greater  part  of  the  ejected 
matters  linds  its  way  into  the  sea,  where  it  Is  probably  washed 
away  by  some  submarine  current, 

Where  these  forces  are  so  nicely  balanced,  it  seems  no  ex- 
travagant supposition  to  imagine,  that  the  degree  of  baro- 
metric pressure  exerts,  as  Scrope  supposes,  an  intluence  over 
the  eruptions ;  and  this  may  explain  a  fact  remarked  by  the 
people  of  the  island,  that  the  volcano  is  most  active  in  stormy 
weather,  when  the  barometer  is  low.  In  fact,  from  time  im- 
memorial, the  sailors  have  judged  of  the  direction  of  the  wind, 
by  the  rapidity  and  force  with  which  the  red-hot  stones  were 
projcttL'd  into  the  atmosphere.  The  west,  which  is  attended 
with  a  depression  of  the  column  of  mercury,  causes  the  erup- 
tions to  follow  each  other  with  rapidity,  and  imparts  a  greater 
brightness  to  the  apparent  flames,  than  takes  place  under  the 

and  it  is  probable  that  Tlitocrltus  may  refer  to  the  sanie  island,  when  he 

Epuc  ^apa  Kal  Atvapoio 
ElaXAaiEii:  'A(paiirroio  inXac  (pXoytptHTipov  aifld. 
As  likewise  Aristotle,  where  he  states  that  in  Lipaii  the  fire,  after  a  cessa- 
tion of  siiteen  years,  returned  on  the  seventeenth.  Stromboli  (SrpoyyvXi]} 
is  mentioned  by  Dome  by  Diodorus  Siculus,  as  giving  rise  to  explosioDB  of 
air,  and  to  ejections  of  sand  and  heated  stones.  The  same,  he  says,  is  the 
case  in  Hiera,  now  Volcano.  Strabo  (lib.  vi.)  speaks  of  Liperi,  Volcano 
and  Stromboli  as  emitting  flames,  and  says  that  those  in  the  latter  island 
are  inferior  to  the  two  former  in  point  of  violence,  but  superior  in  bright- 
ness. Cornelius  Severus,  on  the  other  hand,  speaks  of  the  volcano  in 
S:rombo1i  as  greater  than  that  of  Etna : — 

Foecundior  Etnfi 
Insula,  cul  nomcn  facies  dedit  ipsa  rolvnda. 
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influence  of  the  north  or  east  wind.  " E  cujus  fwno"  says 
Pliny,  "  quinam  fitturi  sint  venti,  in  triduum  pradicere  incola 
iraduntur,  unde  ventoi  £olo  pamiste,  exiaiimaium." 

Disappointed,  as  I  have  stated,  in  my  attempt  to  get  close 
to  the  active  volcano  of  Stromboli,  I  contented  myself  with 
visiting  those  parts  of  the  island  which  were  not  in  the  im- 
mediate vicinity  of  the  volcano,  and  found  them  chiefly  com- 
posed of  a  tuff,  in  aome  places  not  unlike  that  which  I  have 
described  as  occurring  in  Ischia.  In  one  place  the  cavities 
are  lined  with  specular  iron  in  very  minute  laminte. 

lliis  tufl*  is  in  some  places  penetrated  by  dykes  of  a  cellu- 
lar description  of  rock,  which  approaches  in  its  miaeralo^cal 
characters  to  trachyte. 

These  dykes  ofleu  pursue  so  regular  and  horizontal  a  course 
through  the  tuff,  that  they  may  he  readily  mistaken  for  beds 
alternating  with  that  rock ;  but  when  we  trace  them  to  any 
distance,  the  deviations  that  occur  from  their  original  direction, 
and  their  origin  from  two  or  three  roots  that  rise  vertically 
from  below,  sufficiently  betray  their  real  nature. 


Tuff  penrlrated  by  Dykft  of  Slaggg  Lava — SIromMi, 
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7V/-;,fB^/ru/H/  by  D^kfi  »J  Slnyyy  Lava—Slrombo 

No.  2. 


Dr.  Macculloch  has  noticed  some  clj'kes  of  a  similar  kiod 
in  his  Description  of  the  Hebrides,  especially  in  plate  1?.  in 
which  he  represents  several  appearances  produced  by  the 
interference  of  the  trap  with  the  secondary  strata  on  the  east 
coast  of  Trotternish. 

The  following  is  a  contracted  sketch  of  one  of  his  draw- 
ing«:— 


With  regard  to  the  mineralogical  character  of  the  products 
of  Stromboli,  Abich  remarks,  that  the  rocks  which  constitute 
the  walls  of  the  ancient  crater  of  elevation  are  of  a  trachytic 
character  and  of  a  reddish-grey  colour.  They  are  intersected 
by  dykes  of  a  light  grey  rock  with  sparkling  crystals  of  glassy 
felspar,  wherein  greenish  augite  resembling  diopside  takes  the 
place  of  hornblende,  and  is  disseminated  through  the  mass  in 
conjunction  with  dark-coloured  scales  of  mica. 

The  modern  lavas  and  ejected  masses  of  Stromboli  on  the 
otiier  hand  are  a  true  dolente,  consisting  of 

Labradoritc     .     .     .     48'18  percent. 

Augite 44-91 

Magnetic  iron     .     .       6'!)1 
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We  shall  find^  as  we  proceed^  that  this  composition  brings 
the  lavas  of  Stromboli  into  a  near  connexion  with  those  of 
Mount  Etna. 

Before  concluding  my  account  of  Stromboli,  I  must  not 
omit  to  state,  that  Hoffman,  in  the  ^  Bull,  de  la  Soc.  GeoL  de 
France,'  vol.  iii.,  withdraws  his  assent  to  the  elevation  theory 
with  reference  to  this  particular  island.  He  admits  indeed^ 
that  the  want  of  identity  between  the  constitution  of  the  new 
cone  and  of  the  ancient  one  favours  such  a  view,  but  he  alleges, 
as  an  objection  to  it,  the  absence  of  those  deep  barancos  which 
are  implied  by  such  an  hypothesis — the  narrow  gorges  seen  in 
so  many  places  round  the  external  slope  of  the  island  being  in 
his  opinion  attributable  only  to  water.  He  extends  the  same 
conclusion  to  Volcano,  Lipari,  Monte  Somma,  and  even  to 
Etna,  but  he  protests  against  his  being  quoted  as  an  authority 
adverse  to  the  elevation  theory  in  its  application  to  other  parts 
of  the  world ;  considering,  he  says,  craters  of  elevation  to  be  no 
more  improbable  in  themselves  than  are  craters  of  eruption. 

Lipari. 

The  next  island  I  visited  was  Lipari,  the  whole  of  the 
western  portion  of  which,  together  with  a  strip  of  land  in  the 
east  near  its  centre,  where  the  principal  town  and  the  harbour 
are  situated,  is  composed  of  tuff. 

Both  in  the  northern  and  southern  part  however  the  latter 
is  lost  sight  of,  and  beds  of  pumice  and  blocks  of  obsidian 
heaped  one  above  the  other  take  its  place  almost  entirely. 

Thus  the  island  may  be  conveniently  divided  into  three 
districts,  as  has  been  done  by  Hoffinan,  who,  since  my  own 
cursory  visit  to  the  spot,  has  examined  its  geological  structure 
in  much  greater  detail,  and  in  a  much  more  trustworthy 
manner. 

With  regard  to  the  more  centrical  district,  which  consists 
of  tuff,  I  may  first  record  from  my  own  observations  the 
existence  in  it  of  dykes,  similar  to  those  described  under  the 
head  of  Stromboli. 

These,  notwithstanding  their  general  horizontality,  betray 
their  real  origin  in  a  manner  similar  to  that  of  the  dykes  at 
Stromboli,  and  likewise  in  one  instance  from  the  disturbance 
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they  have  occasioned  in  the  direction  of  the  beds  of  tuff,  which 
are  thrown  up  obliquely  by  the  dyke,  as  is  represented  in  tlie 
section  annexed. 

S'clion  of  the  Tvff  and  Slaggf  Lava  in  a  plact  calltd  yukanella. 
Ilk  of  Lipari. 


The  tuff  resembles  that  near  Rome,  and  would  seem  to  be 
of  submarine  origin ;  nevertheless  Dolomieu,  and  since  him 
Hoffman,  have  observed  imbedded  in  it  impressions  of  land 
plants  belonging  both  to  the  dicotyledonous  and  monocotyle- 
donous  division.  Amongst  the  latter  were  distinctly  recog- 
nised the  leaves  of  the  Chamterops  humtlis.  A  simitar  admix- 
ture however  of  terrestrial  with  marine  productions  occurs  in 
the  tuff  near  Naples. 

The  highest  point  in  the  island,  consisting  of  tuff,  is  the 
mountain  of  St.  Angelo,  1600  feet  in  height,  on  which  Hoff- 
man discovered  a  crater  very  little  altered  by  time.  Another 
also  exists  on  the  aide  of  a  promontory  called  the  Monte 
Rosso.  Two  streams  of  lava  have  flowed  from  the  first-men- 
tioned crater,  which  have  a  very  felspathic  character,  and  are 
called  by  him  porphyritic  lavas. 

A  continuance  of  this  some  volcanic  action  at  the  present 
day  is  manifested  by  the  hot  springs  and  stufes  or  vapour- 
baths  of  San  Calogero,  situated  about  four  miles  from  the 
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town  of  Lipari^  which  I  visited  in  1824.  It  is  not  improbable 
therefore  that  Lipari  may  have  had  an  active  volcano  even 
within  the  historical  period^  and  it  is  to  be  remarked  that  the 
ancients  speak  of  this  island  as  emitting  a  fiercer  fire  than 
Stromboli*. 

Strabo  indeed  particularly  mentions  an  eruption  of  mud^ 
attended  with  smoke  and  flame,  which  took  place  in  the  sea 
between  Hiera  (the  island  of  Volcano,  near  Lipari)  and  Euo- 
nymos,  which,  as  above  stated,  was  probably  either  one  of  the 
islands  between  Stromboli  and  Lipari,  or  comprehended  the 
whole  of  that  cluster  of  intervening  rocks  f. 

Before  this  occurred,  the  sea  between  these  two  islands 
rose  to  an  unusual  height,  and  became  so  warm,  that  the  fish 
died  in  numbers  sufficient  to  taint  the  air  %•  Strabo  indeed 
adds^  that  flames  have  been  observed  rising  from  the  sea  in  the 
neighbourhood  of  those  islands,  and  Pliny  notices  the  same  as 
happening  for  several  days  diuing  the  Social  War  §. 

Homer  seems  to  allude  to  something  of  the  same  kind  in 
the  12th  book  of  the  Odyssey,  where  Circe  relates  to  Ulysses 
the  dangers  he  is  to  undergo  near  the  coast  of  Sicily  || ;  and 
even  the  epithet  of  "  floating  *'  (TrXtony),  which  he  has  applied 
to  the  island  in  which  king  Eolus  reigned,  may  be  supposed 
to  refer  to  the  earthquakes^  with  which  the  country  was  agi- 

*  Tfjp  dc  tunapav  kcu  rrfv  Otpfu<r<rap  tiprfKafuv'  ^  dt  ^rpoyyvXrj,  leaXrtncu 
fitw  cnro  Tov  a^fiaros,  core  dc  kcu  avn;  dianvpos,  /Si^  /i€V  (fikoyos  Xtinofxtyrf, 
r^  dc  ifiryyti  frXtov€KTova'a.  (Strabo,  lib.  vi.) 

f  May  not  the  comparatively  recent  origin  of  the  Isle  of  Lipari  be  in- 
ferred from  the  sterility  ascribed  by  Cicero  to  the  country  (see  Orat.  iii.  in 
Verrem)  ?  for  as  it  is  at  present  very  fertile,  its  barrenness  may  have  arisen 
from  the  circumstance,  that  sufficient  time  had  not  elapsed  to  cau^e  a  suit- 
able decomposition  of  the  masses  ejected. 

{  Jnlios  Obsequens,  who  evidently  alludes  to  the  same  event,  places  it 
in  the  consulship  of  iGmilius  Lepidus  and  Aurelius  Orestes,  or  125  years 
before  Christ. 

§  Near  a  century  before  Christ. 

fi  Especially  in  the  following  lines : — 

AXXa  ff  Sfuw  frivcucas  rt  veo>v  km  trcufiora  f^xorviv 

Kvfjutff  6ikos  <f>op€va'i,  irvpos  r  oKooio  BvtXkcu*  M.  68. 

5F  AioXiiyv  y  €f  vrjirov  a<lHKOfitff  ;  tvBa  d*  €vauv 
AioXoff  *linroTabrjs,  0cXor  adavaTOKrt  BtoKn 
Hkwrji  tvi  vrjo'tp,  K.  3. 
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tated  at  a  time  when  the  volcanic  operations  ivere  in  greater 
acti^-ity. 

This  may  seem  far-fetched  in  a  country  like  our  own,  hap- 
pily but  little  subject  to  these  convulsions  of  nature ;  but  to  an 
American  it  might  appear  an  obvious  allusion,  as  Humboldt 
remarks,  that  on  the  coast  of  Peru  earthquakes  are  so  frequent, 
that  we  become  as  much  accustomed  to  the  undulations  of  the 
ground,  as  the  sailor  is  to  the  toasings  of  hia  ship  caused  by 
the  motion  of  the  waves  *. 

It  is  remarkable  how  throughout  the  whole  valley  the  rocks 
are  whitened  and  otherwise  altered  by  the  sulphureous  exha- 
lations, as  in  the  immediate  neighbourhood  of  the  Baths,  in- 
dicating that  at  a  former  period  the  gases  were  evolved  much 
more  copiously,  and  from  a  larger  number  of  vents. 

Hoffman  particularly  notices  the  interesting  veins  of  gjp- 
Bum  which  here  intersect  the  rock,  manifestly  derived  from 
the  action  of  sulphureous  vapours  upon  tlie  calcareous  matter 
present  in  it,  and  thus  highly  illustrative  of  the  origin  of  gyp- 
seous veins  in  other  situations.  I  shall  return  to  this  subject 
when  speaking  of  the  sulphur  beds  in  Sicily. 

In  the  southern  portion  of  the  island,  pumice  and  obsidian, 
as  has  been  stated,  take  the  place  of  tuff.  Almost  the  whole 
of  that  district  consists  of  a  single  mountain,  called  Monte 
Guardia,  about  1200  feet  above  the  sea,  on  which,  nearly  600 

"  From  our  infancy  theiileaofcerlBin  contrasts  fixes  itself  in  our  minds; 
watfr  appears  to  ua  an  element  that  moves ;  eartli,  a  motionless  and  inert 
mass.  These  ideas  are  the  elTect  of  daily  experience ;  they  are  connected 
with  everything  that  is  transmitted  to  us  by  the  senses.  When  a  shock  is 
felt,  when  the  earth  is  shaken  on  its  old  foundations  which  we  had  deemed 
BO  stable,  one  instant  is  sufficient  to  destroy  lung  illusions.  It  is  like 
awakening  from  a  dream  ;  but  a  painful  awakening.  We  feel  that  we  have 
been  deceived  by  the  apparent  caJm  of  nature ;  we  become  attentive  to  the 
least  noise ;  we  mistrust  for  the  first  time  a  soil  on  which  we  had  bo  long 
placed  our  feet  with  confidence.  If  the  shocks  be  repeated,  if  they  become 
frequent  during  successive  days,  the  uncertainty  quickly  disappears.  In 
1^84  the  inhabitants  of  Mexico  were  as  much  accustomed  to  hear  the  thun- 
der roll  beneath  their  feet,  as  we  are  to  recognise  it  in  the  region  of  the 
clouds.  Confidence  easily  springs  up  in  the  human  breast,  and  we  end 
by  accustoming  ourselves  on  the  coajt  of  Peru  to  the  undulations  of  the 
ground,  like  the  sailors  to  the  tosslnga  of  the  ship  caused  by  the  motion  of 
the  waves.  (Humboldt's  Pers.  Narrative,  vol.  iii.  p.  321.) 


I 


LIPARI — SOUTHERN  AND  NORTHERN  DISTRICTS.      255 

feet  below  the  summit,  are  vestiges  of  a  crater.  Here  we  ob- 
serve one  of  those  lava-streams  which  are  so  peculiar  to  Lipari, 
the  whole  of  which  is  a  glass  of  a  pale  grey  colour,  diversified 
with  a  few  dull-grey,  or  more  rarely  reddish  streaks,  and  re- 
sembling pumice  in  the  number  and  elongated  shape  of  its 
pores,  although  greatly  exceeding  it  in  point  of  compactness. 
The  direction  of  its  numerous  pores  imparts  to  the  rock  in 
general  a  fibrous  character,  and  the  fibres  run  in  the  direction 
in  which  the  stream  flowed.  Layers  of  obsidian  are  seen  here 
and  there  interstratified  with  the  mass.  The  couUe  is  of  great 
magnitude,  attaining,  on  the  summit  of  the  Monte  Guardia, 
from  which  it  appears  to  have  issued,  a  thickness  of  300  or 
400  feet. 

Another  remarkable  lava-stream  is  like  a  compact  claystone, 
and  is  divided  into  tabular  masses;  yet  even  this  in  some 
places  passes  into  pumice,  showing  that  the  material  from 
which  it  had  been  derived  was  of  the  same  nature. 

Great  accumulations  of  pumice  are  to  be  seen  in  this  part 
of  the  island,  but  it  is  in  the  north  that  the  above  mineral  is 
seen  in  a  state  of  the  greatest  development.  It  is  from  the 
latter  quarter  that  all  Europe  has  from  time  immemorial  been 
supplied  with  this  materiaL  There  are  here  two  mountains, 
called  Monte  diTre  Pecore  and  Campo  Bianco,  both  lofly,  and 
alike  composed  of  beds  of  white  pumice  and  of  blocks  of 
obsidian,  which  succeed  each  other  with  the  greatest  regu- 
larity. 

On  the  summit  of  Campo  Bianco  Hoffman  discovered  a 
perfect  crater  half  a  mile  in  diameter  and  500  feet  deep,  and 
in  its  interior  a  stream  of  lava  of  a  pumiceous  character,  as 
fresh  as  if  it  had  been  just  emitted  from  the  earth,  was  ob- 
served. It  has  a  curious  veined  structure,  its  striae  being 
parallel  to  the  direction  of  the  stream,  and  it  splits  into  tabular 
masses  two  inches  in  thickness  and  a  foot  square. 

The  crater  of  Campo  Bianco  seems  at  one  time  to  have 
been  encircled  by  one  much  larger  and  loflier,  which  is  now 
in  part  broken  away,  just  as  we  remarked  to  be  the  case  at 
Stromboli. 

Dolomieu  observes,  that  the  pumice  of  this  part  of  the  island 
seems  to  be  derived  from  the  fusion  of  granite ;  for  not  only 
did  he  observe  in  the  midst  of  this  substance  fragments  con- 
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siBting  of  quartz,  mica  and  felspar,  but  when  such  (rngments 
had  been  exposed  to  heat,  they  were  converted  into  a  sub- 
atance  resembling  in  its  general  characters  tlie  pmnice  sur- 
rounding it. 

The  presence  of  fragments  of  granite  in  obsidian  has  also 
been  remarked  by  Hoffman  ;  and  as  the  trachyte,  out  of  which 
both  this  mineral  and  pumice  are  produced,  presents  the  first 
stage  of  alteration  from  granite,  the  conjecture  of  Dolomieu 
may  still  be  admitted  as  probable. 

With  regard  to  the  obsidian,  some  of  its  varieties  possess  a 
remarkable  resemblance  to  certain  products  obtained  by  Mr- 
Gregory  Watt*  during  the  cooling  of  large  quantities  of  ba- 
salt, an  incipient  crystallization  beginning  to  manifest  itself 
in  the  midst  of  the  vitreous  mass  in  the  appearance  of  white 
or  lighter- coloured  spota,  which  appear  to  be  made  up  of  points 
radiating  from  a  common  centre. 

In  many  of  the  Lipari  obsidians,  however,  these  round  spots 
are  composed  of  concentric  laminie,  and  are  disposed  in  ge- 
neral in  lines,  so  as  to  give  a  resemblance  of  stratification  to 
the  mass.  In  other  cases  the  whole  mass  is  made  up  of  glo- 
bules of  this  kind,  which  are  hollow  internally,  and  are  some- 
times cemented  by  black  obsidian. 

The  obsidian  also  occurs  in  a  brecciated  form,  large  angular 
Duases  of  it  being  held  together  by  a  white  earthy-looking 
paste,  which  is  hard  and  gritty,  whilst  in  other  cases  this 
paste  has  all  the  appearance  of  a  white  enamel,  such  as  is 
used  for  china  or  pottery. 

The  most  remarkable  circumstance  however  concerning 
these  obsidians  is  the  mode  in  which  they  occur,  not  only,  as 
one  might  expect,  in  the  form  of  loose  ejected  masses,  which 
from  the  great  relative  extent  of  their  surface  to  the  internal 
mass  were  soon  cooled  in  the  atmosphere,  and  therefore  put 
on  a  vitreous  form,  but  constituting  actual  lava-streams,  which 
ought,  it  should  seem,  to  have  been  subjected  to  the  same  laws 
of  congelation  as  the  lavas  of  other  volcanos. 

One  of  these  I  observed  on  my  way  from  the  town  of  Lipari 
to  Monte  di  Campo  Bianco,  at  the  village  of  Canneto,  near 
the  shore,  and  others  are  noticed  by  Hoffman ;  so  that  we 
must  attribute  their  vitreous  character  to  some  peculiarity  in 

•  See  Phil.  Truna.  for  IS04. 
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the  chemical  constitution  of  the  material,  and  not  merely  to 
the  rapidity  with  which  it  had  passed  into  a  solid  condition 
after  having  been  fused. 

The  best  observations  on  this  subject  are  probably  those  of 
Abich  in  the  memoir  to  which  I  have  referred  in  my  second 
chapter,  but,  as  the  author  himself  admits,  they  do  not  meet 
the  whole  difficulty  of  the  case ;  for  although  it  may  be  true 
that  glassy  lavas  can  only  result  from  trachytic  materials,  yet 
it  still  remains  to  be  shown  why  trachyte  has  not  given  rise 
to  streams  of  obsidian  in  other  neighbouring  localities  as  well 
as  in  Lipari. 

Hofiman  is  of  opinion  that  the  pumice  and  obsidian  are 
both  more  modern  than  the  tuff.  They  occur  indeed  in  the 
latter,  but  only  in  its  upper  beds,  and  are  for  the  most  part 
scattered  over  its  surface.  Thus,  after  Monte  St.  Angelo  and 
its  vicinity  had  been  heaved  up  from  the  bottom  of  the  sea,  a 
diiSferent  kind  of  volcanic  energy  appears  to  have  taken  place, 
and  thus  to  have  given  birth  to  the  Monte  Guardia  in  the 
south,  and  to  the  Campo  Bianco  and  Monte  di  Tre  Pecore  in 
the  north  of  the  island,  which  are  composed  of  vitreous  pro- 
ducts. 

Vulcano. 

Separated  from  Lipari  only  by  a  narrow  channel  is  the  little 
island  of  Vulcano,  which  at  a  period  antecedent  to  the  Chris- 
tian aera  appears  to  have  been  in  a  state  of  activity  at  least 
equal  to  that  of  Stromboli*,  and  still  emits  gaseous  exhala- 
tions from  the  interior,  as  well  as  from  several  parts  of  the 
external  surface,  of  a  crater  situated  on  the  highest  part  of  the 
island. 

These  vapours,  acting  upon  the  rock  they  penetrate,  decom- 
pose it,  and  form  with  its  constituents  large  quantities  of  alum 
and  other  sulphuric  salts. 

*  The  old  chronicles  would  lead  us  to  suppose  that  the  last  indication 
of  volcanic  agency  in  Lipari  took  place  about  the  sixth  century,  for  we  are 
told  that  St.  Calogero,  the  patron  of  the  island,  put  to  flight  the  devils, 
which,  like  the  Typhon  of  old,  inhabited  the  recesses  of  the  island,  and 
that  the  latter  first  took  refuge  under  the  mountain  from  whence  the  warm 
springs  issue,  but  being  driven  from  thence  repaired  to  Vulcanello,  and 
finally  were  chased  into  the  crater  of  Vulcano.  Later  writers  always 
speak  of  the  flames  of  Lipari  as  extinct.  See  Dolomieu  sur  les  lies  de 
Lipari,  p.  71. 
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The  process  appeared  to  be  somewhat  different  from  that 
wiiich  tnkes  place  at  the  Sollatara,  since  the  vapour  fiere  con- 
sists of  sulphurous  acid,  there  ot  sulphuretted  hydrogen,  as  I 
ascerlained  by  procuring  portions  of  the  condensed  vapour 
from  either  source. 

The  ultimate  result  however  in  both  instances  is  the  same, 
the  compounds  arising  from  the  union  of  this  acid  with  the 
earths  contained  in  the  rock  with  which  it  comes  into  contact^ 
being  all  ultimately  resolved  into  sulphuric  salts. 

There  is  one  product  however  that  seems  peculiar  to  this 
volcano,  or  at  least  has  not  been  found  belonging  to  any  other 
in  the  south  of  Italy.  I  mean  the  boracic  acid,  which  lines 
the  sides  of  the  cavities  in  beautiful  white  silky  crystals,  and 
occurs  also,  it  is  said,  combined  with  ammonia. 

Ammonia  is  likewise  found  united  with  muriatic  acid, or  in 
the  form  of  sal  ammoniac;  its  production  I  have  attempted 
to  explain  when  speaking  of  it  as  occurring  under  similar  cir- 
cumstances at  the  Solfatara. 

In  a  mixture  of  this  salt  with  sulphur,  Stromeyer  detected 
the  presence  of  selenium  *.  It  is  probably  sublimed  in  com- 
bination with  hydrogen,  just  as  the  sulphur  and  the  arsenic 
which  sometimes  accompanies  that  mineral  are  supposed  to  be. 

The  operations  of  this  volcano  appear  to  be  going  on  with 
much  greater  vigour  than  those  of  the  Solfatara,  and  exhibit 
perhaps  the  nearest  approximation  to  a  state  of  activity, 
during  which  a  descent  into  the  crater  would  have  been  at  all 
practicable. 

Nor  can  I  imagine  a  spectacle  of  more  solemn  grandeur 
than  that  presented  in  its  interior,  or  conceive  a  spot  better 
calculated  to  excite  in  a  superstitious  age  that  religious  awe, 
which  caused  the  island  to  be  considered  sacred  to  Vulcan,  and 
the  various  caverns  below  as  the  peculiar  residence  of  the  god. 

Quam  Bubter,  apecus,  et  Cyclopum  cxesa  caminia 

Antra  Etnpa  tonant,  validlque  incudibus  ictus 

Auditi  refcrunt  gcraitun],  striduntque  carernis 

Stricture  Chaljbum,  el  fornacibua  igais  aahtlat ; 

Vulcani  domus  et  Vulcania  DDmine  ieWa&.—  Virg.  Mntid.  viii.  418. 

■  See,  Tor  a  full  account  of  this  discovery',  tbe  Gdttingcn  Gelehrte  An- 
zpigen  for  February  1825.     Thr  Ruglish  journaU  contain  an  abridgement. 
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To  me,  I  confess,  the  united  effect  of  the  silence  and  soli- 
tude of  the  spot,  the  depth  of  the  internal  cavity,  its  precipi- 
tous and  overhanging  sides,  and  the  dense  sulphureous  smoke, 
which  issuing  from  all  the  crevices  throws  a  gloom  over  every 
object,  proved  more  impressive  than  the  view  of  the  reiterated 
explosions  of  StromboU,  contemplated  from  a  distance  and  in 
open  day. 

The  last  eruption  which  the  volcano  has  experienced  ap- 
pears to  have  happened  in  the  year  1786,  when  after  frequent 
subterranean  noises  and  earthquake  shocks,  the  crater  vomited 
forth  during  fifteen  days  showers  of  sand,  together  with  clouds 
of  smoke  and  even  flame,  altering  materially  the  shape  of  the 
crater  from  which  they  proceeded*.     No  lava-stream  was 

*  If  the  Biography  of  St.  Willebald,  which  makes  a  part  of  that  extra- 
ordinary Collection  published  by  members  of  the  Littiemore  School  a  year 
or  two  ago  under  the  title  of  the  '  Lives  of  the  Saints/  be  not  altogether 
fabulous,  we  may  collect  from  the  following  passage  in  it,  that  the  volcano 
was  more  active  sometime  between  the  years  701  and  786,  the  period  during 
which  the  Saint  is  stated  to  have  lived,  than  it  is  at  present : — 

"  From  Reggto  St.  Willebald  sailed  to  see  Vulcano,  one  of  the  Lipari 
islands,  then  in  a  state  of  eruption.  The  Saint  wished  to  obtain  a  view  of 
the  boiling  crater,  called  the  '  infemum  of  Theodoric,*  but  they  could  not 
climb  the  mountain  from  the  depth  of  the  ashes  and  scoriae.  So  they  con- 
tented themselves  with  a  view  of  the  flames,  as  they  rose  with  a  roaring 
like  thunder,  and  the  vast  column  of  smoke  ascending  from  the  pit. 

"  Modern  geologists  examine  these  phsenomena  with  a  cool  unconcern, 
and  lecture  upon  the  lava ;  they  draw  no  solemn  thoughts  from  the  awful 
spectacles  of  nature — that  well  is  too  deep  for  their  superficial  minds  to 
draw  from  :  saints  have  deeper  feelings  and  less  idle  curiosity." 

>  One  cannot,  by-the-by,  help  being  amused  at  the  coolness  with  which 
the  editor  or  compiler  of  this  strange  publication  assumes,  as  a  fact  not  re- 
quiring proof,  that  geologists,  as  such,  are  unimpressed  with  the  grandeur 
of  the  scenes  which  they  are  led  to  contemplate — ^indisposed  to  look  up  to 
the  Great  Being  from  whom  descends  that  golden  chain,  some  of  the  lower 
links  of  which  it  is  their  business  to  trace  out. 

As  if,  forsooth,  there  were  any  necessary  connexion  between  a  feeling  for 
the  beauties  of  Nature,  and  a  yearning  after  those  fables  and  puerilities  by 
which  Superstition  has  sought  to  disfigure  her  fair  proportions — as  if  the 
hidden  operations  of  a  volcano  were  calculated  to  inspire  deeper  awe  and 
more  holy  aspirationsi  when  imagined  to  proceed  from  the  gambols  and 
freaks  of  imps  imprisoned  within  the  recesses  of  the  mountain,  and  venting 
their  spite  upon  the  unfortunate  Theodoric,  than  when  attributed  to  the 
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emitted  nt  that  time,  but  Dolomicu  states  that  in  17/5  o 
of  a  vitreous  character,  now  observed  on  the  north-west  slope 
of  the  crater,  proceeded  from  the  mountain.  The  rock  com- 
posing the  latter  is  trachytic,  and  encircling  its  present 
crater  is  a  larger  one,  broken  away  on  the  side  fronting  Li- 
pari,  which  may  be  considered  perhajjs  the  ancient  crater  of 
elevation  within  which  the  existing  one  was  subeequeutly 
thrown  up. 

Close  to  Vulcano  is  an  isolated  rock  called  Vulcanello, 
which,  though  without  a  crater,  emits  from  its  crevices  tb- 
pours  of  a  sulphureous  nature,  a  feeble  remnant  of  the  vol- 
canic action  by  which  it  was  formerly  itself  thrown  up  from 
the  bosom  of  the  sea.  It  is  probable,  at  least,  that  it  is  to 
this  event  that  Aristotle*  refers,  when  he  states  that  in  the 
island  of  Vulcano  part  of  the  ground  swelled  up,  and  rose 
with  a  noise  into  the  form  of  a  hillock,  which  burst  and  gave 
vent  to  a  great  quantity  of  air,  carrying  along  with  it  flame 
and  ashes,  the  latter  in  sufficient  quantity  to  cover  all  the 
town  of  Lipari. 

The  time  at  which  this  event  happened  seems  to  be  fixed 
by  other  writers,  fur  Pliny  f  mentions  an  island  which  emerged 

workings  of  Iboae  mysterioua  forces  which  God  himeelr  has  from  the  be- 
(jinning  itnplntitpd  \o  mHllEr  in  accnrnplisb  his  divioe  purposes ! 

Fortunately  for  the  author  of  this  work,  the  writers  in  question  are  un- 
likely in  the  year  IS47  to  retain  their  authority,  even  if  they  ever  possessed 
any,  over  his  English  reailcrs  or  indeed  over  any  who  are  boxdjfdf  mem- 
bers of  a  Protestant  establishtneiit. 

They  have  now  for  the  most  part  migrated  into  an  atmosphere  more 
congenial,  it  is  to  be  hoped,  to  their  spiritual  constitution,  than  that  of 
their  own  Mother  Church,  although,  if  I  mistake  not,  ihey  will  have  already 
found,  to  their  no  small  discomfiture,  that  in  an  inquiring  age,  and  under 
a  liberal  pontllf,  the  very  priests  of  the  communion  they  have  joined  no 
longer  care  to  conceal  Iheir  aniiety  to  get  rid,  so  far  as  tliey  are  able,  of 
that  cumiirouB  legacy  of  fahle  and  imposture  which  the  ignorance  and  fraud 
of  preceding  ages  have  entailed  u]>on  their  creed— eicresceoces  however, 
which  seem  to  be  regarded  by  these  recent  proselytes  with  more  fondness, 
in  direct  propottion  to  their  grossness  and  extravagance  ; — 
"  Uti  Dalbinum  polypus  Agnte." 

'  Vide  Aristot.  irtpi  yisTfaiiMiiv,  lib.  ii.  c.  8. 

t  "  Ante  no3  et  juxta  Italiam  inter  jliolias  insulas,  item  juxta  Ctetam 
emersit  e  mari  M.M.D.  passuum  cum  culidis  fontibus,  altera  Olympiadis 
CLXin.  anno  terlio  in  Tusco  sinu  ;  flagrans  htec  violrnto  cum  Oatu." 
—  Pliny,  lib,  ii.  C.  87. 
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from  the  sea  among  the  Lipari  islands  in  the  144th  Olympiad, 
or  about  200  years  before  Christ,  whilst  Orosius  fixes  the 
event  as  happening  in  the  consulship  of  Marcellus  and  Labeo, 
which  answers  to  the  year  182  B.C.* 

Whichever  of  these  dates  be  preferred,  it  is  equally  clear 
that  the  island  now  called  Vulcano  cannot  have  been  referred 
to,  for  Thucydides,  who  flourished  at  least  400  years  before 
Christ,  mentions  Iliera  (Vulcano)  as  being  cultivated^  which 
implies  that  a  certain  time  had  elapsed  since  its  production  f. 
It  is  probable  therefore,  that  the  rock  which  Aristotle  states 
as  having  been  thrown  up  from  the  sea  was  that  now  called 
Vulcanello,  which  lies  at  a  short  distance  from  Vulcano. 

South  of  Stromboli,  and  intermediate  between  it  and  the 
island  of  Lipari,  are  several  rocks  and  small  islets,  which 
Dolomieu  conjectured  to  be  the  parts  of  a  large  submerged 
island,  six  miles  in  diameter,  which  existed  in  the  time  of 
Strajpo  under  the  name  of  Euonymos. 

The  largest  of  these  is  the  island  of  Panaria,  next  in  size 
Basiluzzo,  and  the  others  mere  rocks,  namely  Dattolo,  Lisca 
Nera,  and  Lisca  fiianca.  The  latter  is  regarded  by  Cluverius 
as  the  Euonymos  of  the  ancients,  whilst  according  to  the  view 
taken  by  Dolomieu,  it  would  constitute  only  a  part  of  what 
was  once  that  island. 

Hoffman  however  is  disposed  to  consider  these  rocks  and 
islets  as  the  protruding  points  of  a  great  submarine  tract 
which  has  been  elevated  above  the  waters,  taking  just  the 
contrary  view  of  their  origin  from  that  adopted  by  preceding 
writers. 

Panaria,  according  to  this  latter  geologist,  consists  alto- 
gether of  a  description  of  trachyte  resembKng  some  of  the 
clay  porphyries  found  in  older  secondary  formations,  but 

*  Orosius,  lib.  iv.  c.  20. 

f  Koi  ol  fjttu  tv  SixcXtf  ABrjVfUoi  km  ^Prjyivoi,  tov  avrov  ;(c(/i<0vor,  rpuueovra 
vavai  arpartvovaiv  tiri  ras  AioXov  vrjaovs  Kokovfjtevovs.  v€fAovTtu  dc  Amapaioi 
avras,  Kvidicov  anoucoi  ovt€S,  oikovci  dVv  /xtf  reap  inja-mv  ov  firyiAij,  K(iK€iTa^ 
dc  Aiirapa.  ras  dc  ciXXas  tK  ravrrjs  Spfuofuvoi  yfopyovai,  Ai^vfiriv,  km  Sr/x>y- 
yvKriv,  km  'Itpap,  vofii^ova-i  dc  ol  tKfivn  avBpfonot,  *v  rjj  'Icpf  u>ff  *H^KuoTOf 
XdkKfvti,  &Tt  njv  yvKTa  (f>aiv(TM  irvp  avabidovaa  rroXv,  kcu  ttjp  ^fitpap  kottpop. 
— (Thuc.  lib.  iii.  c.  88.) 
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sometimes  passing  into  pitchstoiie.  It  ia  particularly  de- 
laoribed  by  Abicb*. 

Bfisiluzzo  consists  of  a  rock  so  like  to  granite,  that  both 
Dolomieu  and  Spallanzimi  have  set  it  down  as  such.  It  is 
however,  by  Hoffman's  account,  a  singular  variety  of  trachyte, 
Ihe  basis  being  an  impure  felspar  containing  numerous  snow- 
white  crystals  of  glassy  felspar,  and  numerous  scales  of  mica. 
The  resemblance  to  granite  is  occasioned  by  the  presence  of 
grains  of  a  vitreous  mineral  much  resembling  quartz,  though 
less  hard,  which  form  parallel  strix  in  the  mass. 

Another  variety  of  trachyte  which  also  puts  on  the  appear- 
ance of  granite  is  of  a  light  grey  colour  and  granular  texture, 
in  which  glassy  felspar  is  the  predominant  constituent,  but 
diflering  from  the  ordinary  kind  in  being  traversed  by  a  num- 
ber of  6ne  pores  of  an  oblong  shape,  so  as  to  impart  a  tibrouB 
or  striated  appearance  to  the  mass.  Black  mica  and  grains 
of  the  same  vitreous  substance  which  occurs  in  the  other 
variety  are  likewise  diffused  through  it, 

Abich  regards  this  rock  as  a  species  of  trachytic  porphyry 
with  a  per-centage  of  silica  amounting  to  6987,  and  points 
out  the  remitrkable  passage  of  so  slaty  and  Mable  a  material 
as  this  into  a  true  pumice  in  the  upper  parts  of  the  rock  where 
the  pressure  was  least. 

North-west  of  Lipari  are  three  other  volcanic  islands,  namely 
Saliua,  Felicudi  and  Alicudi. 

Salina  is,  next  to  Lipari,  the  most  important  of  the  group, 
and  comprehends  two  very  lofty  mountains  rising  to  a  height 
of  not  less  than  3500  feet  above  the  sea.  The  lower  portion 
of  the  island  is  composed  of  tuff,  but  the  upper  of  numerous 
alternations  of  this  deposit  with  beds  of  lava  containing  much 
augite.  On  the  summit  are  the  remains  of  a  crater.  Pumi- 
ceous  conglomerate  makes  its  appearance  in  one  part  of  the 
island,  but  it  is  unaccompanied  by  obsidian. 

Felicudi,  according  to  Gussone,  as  quoted  by  Hoffman,  re- 
sembles very  nearly  in  its  constitution  Sahna,  consisting  of 
alternating  beds  of  tuff  and  trachytic  lava.  Sulphureous  va- 
pours still  rise  from  crevices  in  one  part  of  the  island. 

*  Uehcr  dif  Zusaramenhang  der  vulk.  Bild.  p.  31. 
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Alicudi  is  a  single  conical  mountain  with  traces  of  a  cmter 
on  its  summit.  Here  lava  predominates  over  tuff,  and  one 
kind  approaches  nearly  to  clinkstone. 

Ustica,  which  lies  about  forty  miles  north-west  of  Palermo, 
contains  three  large  craters,  broken  away  on  the  side  of  the 
sea,  and  constituted  in  a  similar  manner  to  the  foregoing 
islands,  namely  a  brown  loose  tuff,  and  thick  beds  of  trachytic 
lava  full  of  felspar  and  augite,  and  sometimes  containing  oli- 
vine.    Pumice  is  also  abundant  in  many  parts  of  the  island. 

Marine  shells  are  found  in  one  place  imbedded  in  the  tuff, 
and  in  certain  spots  the  latter  is  impacted  together  by  a  cal- 
careous matter,  so  as  to  form  a  breccia  of  great  hardness,  in 
which  the  same  shells  occur  as  exist  in  the  Mediterranean  at 
the  present  time.  It  seems  therefore  to  follow  that  this  island 
has  been  heaved  up  from  the  bottom  of  the  sea  at  a  very  re- 
cent period. 


CHAPTER  XV. 

VOLCANIC  ROCKS  OF  SICILY,  8tc. 

Suliihor  bed*. — .Mud  vulcano  of  Macaiubu.— Logo  Naflia.— Older  volcanic 
rocks  of  the  Val  ili  Nolo. — Mount  Etna — dpscription  of  tht  volcano— 
ioDg  succession  of  lava  beds  and  tuff  B.ccumulatcd  one  above  the  other — 
mode  ID  which  the  mountain  vtaa  foraied — description  of  its  crater. 
History  of  its  eruptions — antecedent  to  the  Christian  sera — subseijuent 
to  that  epoch.  Volcanic  energy  exerted  in  the  neightwuring  parts  of  the 
Mediterranean — inferred  from  the  phenomena  of  the  Marobia  and  sea- 
quakes eupcrieoced  off  the  coast— also  by  the  elevation  of  a  new  island 
off  the  coast  of  Sciacca. — Prodocta  of  Mount  Etna.  Island  of  Pantel- 
laria— three  kinds  of  igneous  formations. 

The  Lipari  islands  are  so  placed  with  reference  to  Naples 
and  Sipily,  that  they  seem  to  form  a  link  between  the  two 
countries,  whence  aome  have  inferred  that  a  subterranean 
communication  passes  through  them,  extending  from  Etna 
to  Vesuvius.  It  would  be  necessary  however  to  show,  in  a 
more  satisfactory  manner  than  has  hitherto  been  done,  that  the 
condition  of  any  one  of  these  voleanos  is  inilucnoed  by  that 
of  the  rest,  before  we  venture  to  adopt  such  an  opinion* ;  at 
present  I  shall  content  myself  with  pointing  out  by  a  detail 
of  the  structure  of  Sicily,  so  far  as  the  latter  is  connected  with 
the  present  subject,  what  degree  of  resemblance  may  subsist 
between  the  volcanic  phfenomena  of  that  island  and  those  of 
Naples  t. 

Nearly  all  the  central  portion  of  Sicily  is  occupied  by  a 
vast  deposit  of  blue  clay  or  marl,  in  which  are  contahied 
numerous  and  thick  beds,  of  selenite  and  gypsum,  of  common 
salt,  of  sulphur,  of  combinations  of  that  mineral  with  iron  and 
copper,  and  of  the  sulphuric  acid  with  most  of  the  earthy 
bases.  The  crystals  of  sulphate  of  strontian  found  in  the 
sulphur  mines  arc  unrivalled  for  their  beauty ;  and  are  inier- 

"  See  the  chronological  table  of  the  eruptions  of  Etna  and  Vesuvius, 
appended  to  this  chapter.  , 

+  See,  for  a  more  detailed  account  of  the  geology  of  Sicily,  my  memoir 
inserted  in  Jameson's  Juuriiul,  vol,  xiii. 
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mixed  with  those  of  sulphur,  which  occur  also  lining  the 
fissures,  often  in  large  and  regular  octahedra.  The  latter 
mineral  is  always  of  a  bright  yellow,  and  never  of  that  liver 
colour  which  is  met  with  in  some  other  localities,  a  distinction 
worth  attending  to,  as  Brocchi*  conceives  that  all  sulphurs 
of  the  former  description  have  undergone  subUmation.  Sul- 
phate of  lime  occurs  lining  the  fissures  in  beautiful  and  regu- 
lar crystals,  but  when  met  with  in  beds,  it  is  frequently  found 
in  large  transparent  plates,  nearly  a  foot  in  length,  and  six  or 
eight  inches  in  breadth,  which  seem  to  be  the  result  of  an 
irregular  crystallization. 

This  blue  clay  deposit  is  associated  with  beds  of  white  cal- 
careous marl,  and  of  a  calcareous  conglomerate  which  be- 
comes more  abundant  as  we  proceed  south,  and  is  there  ac- 
companied likewise  with  beds  of  limestone  not  possessing  any 
brecciated  structure. 

The  formation  alluded  to  contains,  it  may  be  remarked,  all 
the  substances  at  present  sublimed  from  volcanos  in  activity. 
The  sulphur,  the  various  sulphuric  salts,  the  muriate  of  soda, 
are  products  found  equally  at  Etna,  at  Vesuvius,  and  at  the 
Solfatara,  so  as  to  lead  to  the  inference,  that  they  have  been 
generated,  in  this  instance,  by  submarine  volcanic  exhalations. 

This  too  would  account  for  the  absence  of  shells,  so  com- 
mon among  tertiary  rocks  in  general ;  for  we  know,  from  the 
case  of  the  Lago  di  Solfatara  near  Rome,  that  molluscous 
animals  will  not  live  in  sulphureous  springs. 

Under  the  head  of  Lipari,  and  when  speaking  of  the  Lake 
Amsanctus,  I  have  pointed  out  that  processes  are  going  on  at 
the  present  time,  the  same  in  kind,  although  inferior  in  de- 
gree, to  those  which  appear  to  have  been  instrumental  in  pro- 
ducing this  vast  formation  in  Sicily. 

With  respect  to  its  age  I  spoke  somewhat  doubtfully  in  my 
first  edition,  there  being  no  shells  whereby  to  identify  it ;  even 
then  however  I  inclined  to  the  opinion  of  its  being  tertiary  t, 
and  in  this  I  am  now  confirmed,  by  finding  that  Mr.  LyeU  is 
also  disposed  to  regard  it  in  the  same  light. 

*  Conchiol.  Subapp.  p.  67* 

^  Nevertheless  I  ought  to  mention,  that  M.  Hoffroan,Geogn.  fieob.p.  1 15, 
asserts  its  secondary  age,  stating  that  near  Girgenti  beds  of  shelly  lime- 
stone occur  intcrstratified  with  it,  in  which  he  discovered  the  Hippurite. 


Tlicre  is  one  phEenom^QOn  connected  with  the  natural  history  of  the 
blue  clay  formation,  which  appears  to  be  if  pretty  common  occur- 
rence, for  it  has  been  observed  in  several  parts  of  Sicily,  and  likewise 
in  the  analogous  rock  that  exists  at  the  foot  of  the  Apennines*. 
From  its  supposed  resemblance  to  the  eruption  of  a  burning  moun- 
tain, it  has  obtained  the  name  of  a  Mud  or  Air  Volcano,  though  per- 
haps it  has  no  more  right  to  such  a,  title  than  the  class  of  products 
called  paeu do- volcanic  have  to  an  appellntion,  which  assumes  a  con- 
nection between  their  products  nnd  tliose  of  the  eruptions  of  a  genuine 
volcano.  I  examined  the  most  remarkable  case  of  this  kind,  which 
occurs  at  the  hill  of  Macalubaf^  near  Girgenti,  in  a  country  fully 
charged  with  sulpliur  and  other  inflammable  minerals.  Haling 
reached  the  summit  of  the  hill.  I  found  the  surface  covered  with  dry 
clay,  in  which  were  a  number  of  small  cavities  filled  with  water, 
somewhat  above  the  natural  tempeTsture,  nnd  this  was  mixed  with 
mud  and  bitumen,  disengaging  from  time  to  lime  bubbles  of  air,  which 
I  ascertained  to  consist  of  carbonic  acid  and  carburetted  hydrogen 
gases.  These  little  craters,  when  I  visited  the  spot,  were  in  a  state  of 
comparative  quiescence,  bnt  it  seems  that  at  times  the  process  goes 
on  with  considerable  energy,  for  the  mud  has  been  known  to  be 
thrown  up  to  the  height  of  200  feet,  accompanied  with  a  strong 
odour  of  sulphur. 

1  cannot  help  imagining,  that  the  whole  of  these  pbienomena  may 
be  ejtplained  by  that  slow  combustion  of  beds  of  sulphur,  which  is 
fcUy  ascertained  to  be  going  on  in  many  parts  of  the  blue  day  for- 
mation. 

It  is  not  long  since  the  proprietor  of  some  land  in  the  interior  con- 
gratulated himself  on  his  good  fortune,  in  being  able  to  collect  n 
large  supply  of  sulphur  already  purified,  by  merely  placing  veBsels 
to  receive  a  stream  of  that  substance  which  was  constantly  issuing 
from  the  side  of  a  hill.  This  was  occasioned  by  a  bed  of  sulphur  in 
the  interior  of  the  mountain  having  caught  fire,  the  heat  generated 
by  the  combustion  of  one  portion  serving  to  melt  the  remainder ; 
nature  having,  in  this  instance,  adopted  the  wasteful  process  em- 
ployed from  time  immemorial  by  the  Sicilians  for  getting  rid  of  the 
intermixed  clay,  which  consists  simply  in  collecting  the  materials 

*  As  near  Modena. 

t  Plato,  in  his  PhsedoD,  probably  alludes  to  this  place  when  he  speaks 
of  "  the  torrent  of  mud  which  ia  in  Sicily."  Ferr.  C.  Phleg.  4?.  Von  Hoff 
points  out  a  curious  analogy  of  name  between  this  spot  and  one  near  4)ie 
E>ead  Sea,  where  a  similar  phienomcnon  takes  place,  and  which  is  called 
Ardh  a1  Maclubah  (Gesch.  der  Vcrand.  p.  247). 
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into  large  heaps,  and  setting  fire  to  them  on  the  surface,  thus  causing 
the  liquefaction  of  one  portion  by  the  combustion  of  another. 

The  sulphurous  acid  resulting  from  this  process  being  retained  by 
the  moisture  of  the  rock,  and  gradually  converted  into  sulphuric  acid, 
would  act  upon  the  calcareous  particles,  and  give  rise  to  the  extrica- 
tion of  carbonic  acid  gas,  whilst,  if  any  bituminous  matters  were  pre- 
sent, the  heat  generated  might  cause  a  slow  decomposition,  and  re- 
solve them  into  petroleum  and  carburetted  hydrogen. 

A  continued  stream  of  gas  passing  through  the  rock  would  soon 
eAtablish  for  itself  a  regular  communication  with  the  surface,  and  the 
same  channel,  when  once  formed,  would  afford  the  readiest  means  of 
esci^e  for  any  water,  which,  from  its  existing  at  a  higher  level  on  the 
adjacent  hills,  might  have  a  tendency  to  make  its  way  upwards. 

This  water  would  carry  with  it  the  petroleum  which  resulted  from 
the  distillation  of  the  bituminous  matter,  and  would  fill,  in  the  man- 
ner which  we  now  observe  it  to  do,  the  little  crater- shaped  cavities 
caused  originally  by  the  escape  of  the  gases. 

In  short,  the  rise  of  the  water*  to  the  summit  of  the  argillaceous 
hill  of  Macaluba  seems  to  depend  upon  precisely  the  same  principles 
as  the  common  rise  of  springs,  when  we  bore  through  a  bed  of  clay, 
and  penetrate  into  a  porous  stratum  underneath,  saturated  with  hu- 
midity, and  having  its  outgoings  at  a  higher  level  than  that  of  the 
upper  surface  of  the  aperture.  In  the  case  of  the  hill  of  Macaluba, 
the  escape  of  aeriform  fluids  has  done  what  art  effects  in  the  case  of 
a  well,  and  the  position  of  its  summit,  overtopped  as  it  is  by  the 
adjacent  eminences,  is  such,  that  we  may  without  difficulty  suppose 
the  relative  height  of  the  springs  in  that  neighbourhood  to  be  such 
as  my  hypothesis  requires. 

Similar  phsenomena  occur  also  at  Terrapilata  near  Caltanisetta*, 
and  at  Misterbianco  near  Catania,  and  I  should  be  disposed  to  view 
in  the  same  light  the  extrications  of  unrespirable  gas  and  of  petro- 
leum which  proceed  from  a  lake  near  Palagonia,  about  twenty  miles 
west  of  Catania.  This  lake  is  situated  in  the  midst  of  volcanic  rocks, 
but  the  latter  are  cot  derived  from  modem  eruptions,  or  accompa- 
nied, in  their  immediate  neighbourhood  at  least,  by  any  other  indi- 
cations of  present  volcanic  action. 

The  gases  given  out  from  this  lake  appear,  from  Ferrara's  report t» 
to  be  principally  carbonic  acid  and  carburetted  hydrogen,  which  are 
the  same  as  those  of  Macaluba ;  and  when  I  visited  the  place,  the 
water  was  in  a  state  of  violent  ebullition  in  several  places,  but  espe- 


*  See  Bulletin  des  Sciences  for  August  1625,  p.  406. 

t  Ferrara,  Memoria  sopra  il  Lago  Naflia.     Palermo,  1805. 


cially  from  two  spots  near  the  centre  uf  the  pool.  The  smell  of  ' 
naphtha,  froin  which  it  derives  its  name  of  Lago  Naftia,  is  perceived 
at  a  great  distance,  ujid  this  siibstanL*e  is  seen  floating  on  the  surface. 
Aa  at  the  Lacua  Ameanctus,  the  gas  ^ven  out  proves  speedily  fatal 
to  animals  that  arc  thrown  into  the  lake ;  but  since  its  gre.it  specific 
gravity  prevents  its  rising  to  a  height  of  more  than  three  feet,  it  is 
pDBsihIe  not  only  to  stand  on  its  borders,  but  even  to  approach  the 
spots  from  whence  the  disengagement  of  gas  is  taking  place  with  the 
greatest  vehemence. 

The  lingular  qualities  possessed  by  the  exhalations  given  out  from 
tfiie  spot  rendered  it  at  a  very  early  jieriod  an  object  of  popular  vene- 
ration, and  we  may  perhaps  recognize  in  the  fahle  attached  to  it 
some  traces  of  its  volcanic  origin.  It  was  called  the  Pons,  or  Stag- 
num  Palicorura.  from  two  sons  of  Jupiter  by  the  nymph  Thalia, 
the  daughter  of  Vulcan*,  who  was  concealed  by  the  god  from  the 
vengeance  of  Juno  by  being  buried  under  ground,  so  that  when  the 
time  of  her  delivery  was  come,  the  earth  opened  and  brought  into 
the  world  her  two  children,  hence  called  Palici  (niro  row  Tra>iir 
KtaOai)  because  they  returned  into  the  world  after  being  buried 
under  it.  This  fable  may  perhaps  allude  to  the  first  origin  of  the 
gaseous  emanations  from  two  apertures,  whilst  the  worship  paid  to 
these  deities,  the  human  sacrifices  at  first  offered  up.  the  temple 
built  on  the  spot,  and  the  oracle  that  was  consulted  in  the  sanctuary, 
show  the  fear  which  had  been  inspired  by  the  noxious  qualities  of 
the  vapour  exhaled. 

ITie  description  given  by  OWdf  of  the  Stagnum  Palicorum  so  well 
corresponds  with  the  Lsgo  Naftia  near  Palagonia,  that  it  seems  most 
probable  that  he  refers  to  this  very  spot,  though  Virgil  fixes  the 
former  rather  nearer  to  the  river  Simethus  than  is  consistent  with 
its  actual  position  J:. 

South  of  Alicata  we  lose  sight  of  the  blue  clay  with  sulphur 
and  gypsum,  and  find  ourselves  upon  a  rock  of  a  calcareous 
nature,  belonging  to  a  series  which  Mr.  Lyell  has  shown  to 
constitute  a  part  of  his  newer  pliocene  series  of  rocks. 

*  See  Diodorus  Siculus,  lib.  li.  Stephanus  in  Epit.  of  Servius,  note  on 
i£aeid,  ii.  585,  &c. 

t  Pcrque  lacus  altos  et  olentia  aulfure  fcrtur 
Stagna  Palicorum,  ruptA  ftrventia  terr£i. 

MftamorpA.  lib.  v. 
;   Kduclum  Matris  luco,  Symalhia  circum 
Klumiua,  jiinguls  ubi  ct  placabills  ara  Palici. 

jEneid.  lib.  ij.  v.  584. 
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This  limestone  rock  is  however  the  highest  in  the  series, 
and  is  underlaid  by  a  calcareous  and  arenaceous  slate 
supported  by  a  blue  clay,  concerning  the  age  of  which  there 
can  be  no  doubt,  as,  unlike  the  formation  above-described,  it 
contains  abundance  of  shells,  all  of  which,  with  three  excep- 
tions, M.  Deshayes  was  able  to  identify  with  recent  species. 
The  order  of  superposition  is  observed  in  the  centre  of  the 
island  at  Castrogiovanni,  where  the  limestone  formation,  with 
its  subjacent  strata,  rises  to  the  height  of  3000  feet  above  the 
level  of  the  sea,  as  was  first  pointed  out  by  myself  in  my  Me- 
moir on  Sicily.  This  limestone  is  sometimes  homogeneous  in 
structure,  at  other  times  made  up  of  calcareous  pebbles  im- 
bedded in  a  matrix  of  the  same  composition.  It  continues 
as  far  as  Cape  Passero,  the  most  southern  point  of  the  island, 
where  it  is  seen  to  rest  upon  a  volcanic  tuff  containing  frag- 
ments of  a  cellular  lava. 

It  became  therefore  of  great  importance  to  determine  by 
its  petrifactions  the  age  of  this  limestone.  At  Cape  Passero 
the  calcareous  rock  contains  madrepores,  nummulites,  melo- 
nites,  cypreae,  and  that  curious  fossil  called  the  hippurite, 
which  has  been  described  in  an  early  volume  of  the  Geological 
Transactions*. 

This  should  seem  to  show,  that  at  the  further  extremity  of 
Sicily,  calcareous  rocks  of  the  age  of  the  chalk  have  been  up- 
heaved t,  for  the  hippurite  limestone  of  the  Morea  and  of 
Asia  Minor  is  regarded  as  of  this  age ;  but  throughout  the 
greater  part  of  the  Val  di  Noto  the  limestone  beds  are  de- 
cidedly of  much  more  recent  origin,  nearly  all  the  shells  and 
zoophytes  they  contain  being  referable,  according  to  Mr.  Lyell, 
to  species  now  inhabiting  the  contiguous  seasj:. 

With  regard  to  the  volcanic  rocks  interstratified,  they  ap- 
pear to  partake  of  that  intermediate  character  which  has  been 
pointed  out  as  belonging  to  those  of  Hungary  and  some  parts 
of  Germany.    They  consist  either  of  volcanic  tuff  or  of  basalt, 

*  vol.  ii.  first  series. 

t  Such  was  the  opinion  expressed  by  myself  in  my  Memoir  on  Sicily  and 
in  the  first  edition  of  this  book,  although  Hofi^man,  who  adopts  it.  erro- 
neously attributes  to  me  the  very  reverse, 

I  For  a  full  account  of  the  Neptunian  and  igneous  rocks  of  the  Val  di 
Noto,  see  F.  Hoffman,  Geognost.  Beob.,  Berlin  1 839.  The  shells  are  de- 
termined by  the  eminent  conchologist  Philippi. 
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the  former  not  very  distinguishable  from  that  ofLiimn  atiil 
Naples,  the  latter  generally  us  compact  as  that  of  llie  trap 
formations  of  secondary  districts,  and  containing  like  them, 
according  to  Rose,  water,  an  important  observation,  as  tend- 
iDg  to  distinguish  them  from  the  modern  lavas  of  Etna.  Some- 
times however  they  not  only  present  an  amygdaloidal  struc- 
ture, but  are  also  observed  full  of  hollow  cells,  which  appear 
never  to  have  contained  any  crystalline  matter. 

In  short,  with  the  smgle  exception  of  Cape  Passero,  which 
appears  to  belong  to  the  Apennine  limestone,  the  rocks  of  the 
Val  di  Nolo,  whether  Neptunian  or  igneous,  may  be  referred 
to  causes  acting  at  nearly  the  same  period,  and  under  similar 
circumstances,  with  those  to  which  I  have  already  ventured  to 
attribute  the  rocks  of  Hungary,  Styria,  and  the  Vicentin. 

It  is  almost  needless  to  remark,  that  in  a  volcanic  formation 
of  such  an  age  no  craters  can  exist,  although  I  found  such 
described  by  recent  and  respectable  authorities.  I  purposely 
visited  the  Monte  Vennera,  south  of  Lentlni,  where  there  are 
said  to  be  traces  of  a  crater,  and  was  rewarded,  not  by  the 
discovery  of  what  I  was  in  search,  but  by  the  opportunity 
which  my  excursion  gave  me  of  obtaining  a  good  section  of 
the  volcanic  and  calcareous  strata  between  that  spot  and 
Lentini. 

From  the  ancient  volcanic  rocks,  let  us  now  proceed  to  an 
examination  of  the  more  modem.  Although  the  greater  part 
of  the  country  included  within  the  circumference  of  Mount 
Etna  would  appear  to  belong  to  a  comparatively  recent 
epoch,  yet  there  are  some  rocks  in  its  vicinity  that  were  pro- 
bably formed  antecedently  to  the  mountain  at  whose  foot 
they  lie.  I  allude  particularly  to  the  Cyclopean  Islands,  with 
which  every  classical  reader  is  acquainted,  as  the  rocks  which 
Polyphemus  is  described  by  Homer  as  hurling  against  the 
bark  in  which  Ulysses  and  his  crew  were  taking  their  flight. 
These,  though  now  detached,  must  at  one  period  have  formed 
a  connected  stratum,  for  they  are  covered  with  a  bed  of  marl, 
which  seems  evidently  to  have  been  continuous  trom  the  one 
to  the  other  of  these  islands.  This  circumstance,  and  their 
general  compactness,  prove  that  the  formation  of  these  beds 
took  place  under  the  surface  of  water. 

The  same  remark  will  probably  apply  to  the  rock  of  Castello 
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d'Aci^  on  the  coast  near  Catania.  It  consists  of  a  volcanic 
breccia,  the  cementing  substance  of  a  sandy  nature ;  the  no- 
dules, a  cellular  kind  of  lava.  The  latter  however  are  not 
rounded  masses,  but  result  from  a  sort  of  irregular  crystalli- 
zation, most  of  them  possessing  a  radiated  structure,  so  that 
they  resemble  a  cluster  of  prisms  meeting  in  a  common 
centre.  The  above  stellular  arrangement  is  the  most  com- 
mon, but  in  other  cases  the  prisms  have  more  of  a  fan-shaped 
structure;  and  in  both  instances,  the  point  towards  which 
they  converge,  as  well  as  the  interstices  between  them,  con- 
sist of  tuff. 

Nothing  of  this  kind  is  indicated  by  the  structure  of  Etna. 
This  mighty  and  imposing  mountain,  which,  according  to  the 
accurate  measurements  of  Captain  Smyth  and  Sir  John  Her- 
schel,  rises  in  solitary  grandeur  to  a  height  not  far  short  of 
11,000  feet*,  embraces  a  circumference  of  eighty-seven  miles, 
and  is  divided  into  three  distinot  regions,  representing  three 
climates  as  opposite  as  those  of  the  torrid,  the  temperate,  and 
the  frigid  zones. 

The  lower  of  these  regions,  called  the  fertile  or  cultivated, 
extends  from  the  base  of  the  mountain  to  the  height  perhaps 
of  2500  feet,  and  is  covered  with  orchards,  vineyards,  and  corn- 
fields, of  the  most  productive  character. 

The  second,  called  the  woody,  constitutes  a  girdle  of  forest 
trees,  investing  the  flanks  of  the  volcano  to  a  height  of  6279 
feet,  where  it  is  succeeded  by  a  rugged  and  naked  region  ex- 
tending to  the  summit,  which  goes  by  the  name  of  the  desert 
or  barren,  distinguished  by  a  circle  of  snow,  from  the  centre 
of  which  the  great  crater  rears  its  majestic  head. 

The  whole  of  this  immense  formation  seems  to  be  composed 
entirely  either  of  lavas  or  of  ejected  masses,  for  the  most  part 
of  igneous  origin,  which,  whatever  subordinate  differences 
may  exist  between  them,  all  possess  the  appearance  of  having 
been  thrown  out  above  the  surface  of  water,  and  not  under 
pressure. 

In  the  structure  of  this  mountain,  everything  wears  alike 
the  character  of  vastness.    The  products  of  the  eruptions  of 
Vesuvius  may  be  said  almost  to  sink  into  insignificance  when 
♦  The  Pillar  of  Heaven  («i»v  ovpavuf)  as  Pindar  calls  it. 
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LOinparcd  with  its  coulees,  Annie  of  which*  are  four  or  five 
miles  in  breadth,  fifteen  iii  length,  aud  from  50  to  U)U  feet 
in  thickness,  and  the  changes  m»de  on  the  coast  by  them  are 
BO  considerable,  that  the  natural  boundaries  between  the  eea 
and  land  would  seem,  as  it  were,  to  be  determined  bv  the 
movements  of  the  volcano. 

The  height  too  of  Etna  ie  so  great,  that  the  lava  frequently 
finds  less  resistance  in  i)iercing  the  Qanks  of  the  mountain 
than  in  rising  to  its  summit,  and  has  in  this  manner  formed 
a  number  of  parasitical  cones,  many  of  which  possess  their 
respective  craters,  and  have  given  rise  to  considerable  streams 
of  melted  matter. 

HcDce  an  ancient  poet  has  very  happily  termed  this  volcano 
the  Parent  of  Sicilian  Mountainsf,  an  expression  strictly  ap- 
plicable to  the  relation  it  bears  to  the  hills  in  its  immediate 
neighbourhood,  all  of  « hich  have  been  formed  by  successive 
ejections  of  matter  from  its  interior. 

The  grandest  and  most  original  feature  indeed  in  the  phy- 
siognomy of  Etna,  is  the  zone  of  subordinate  volcanic  hills 
with  which  it  is  encompassed,  and  which  look  like  a  court  of 
subaltern  princes  waiting  upon  tlieir  sovereign. 

Of  these  nearly  eighty  are  enumerated;  tifty-two  on  the 
weat  and  north,  twenty-seven  on  the  east  side  of  Etna;  some 
covered  with  vegetation,  others  bare  and  arid,  their  relative 
antiquity  being  probably  denoted  by  the  progress  vegetation 
has  made  upon  their  surface,  in  which  respect  the  extraordi- 
nary difference  that  exists  would  be  sufficient  by  itself  to  in- 
dicate, that  the  mountain  to  which  they  owe  their  origin 
must  have  been  in  a  state  of  activity  at  a  distance  of  time  ex- 
ceedingly remote. 

It  must  be  remarked,  liowever,  that  the  period  requisite  for 
bringing  a  bed  of  loose  scoria:  or  a  stream  of  lava  into  cultiva- 
tion varies  very  much  J,  and  that  the  progress  made  is  genc- 

•  Such,  according  to  Ferrara  (Desc.  det[  Etna,  p.  200),  is  the  case  with 
that  of  1669,  which  Borelli  calcnlaled  as  containing  93,838,950  cubic  feet. 
t  iittKar  optiat  fuiTfp    (Euripidea  in  Troadibus). 

X  This  will  appear  from  the  following  etateracnt  of  the  coDditionofn 
few  of  the  lavas  of  Vesuvius,  which  I  eiamioed  with  reference  to  ihia  (jucb- 
tioD  in  1623. 

Lavaof  IS51. — Fossa  de   Gaetaao.     Much   decomposed.     Heaths  grow 
upon  it,  and  vines  begin  to  be  planied. 
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rally  more  rapid  in  a  cone  of  finely  comminuted  lapilli,  than 
in  a  stream  of  lava,  \(rhich  consists  of  a  hard  glqssy  substance, 
that  yields  but  slowly  to  the  agents  of  decomposition. 

There  is  nothing  in  the  nature  of  lava,  chemically  speaking, 
injurious  to  vegetation;  indeed  when  once  decomposed,  it 
supplies,  as  will  be  shown  hereafter,  all  the  elements  of 
fertility — mechanically  however  the  hard  surface  it  presents 
proves  an  effectual  preventative,  as  it  gives  no  support  or 
nidi4s  to  the  tender  shoots,  and  from  its  porosity  often  carries 
off  all  the  moisture  that  descends  upon  its  surface.  Thus 
near  Clermont,  in  Auvergne,  scarcely  a  drop  of  water  is  to  be 
found  in  the  whole  of  the  volcanic  district  which  overhangs 
the  town,  but  the  streams  collected  from  the  hills  above  gush 
out  at  the  bottom  of  this  formation,  in  the  valley  of  Royat 
beneath,  with  such  force  and  copiousness,  as  to  turn  imme- 
diately several  mills. 

The  surface  then  of  a  recent  stream  of  lava  must  always 
be  barren,  unless,  as  has  been  done  by  the  Prince  of  Biscari 

Lava  of  1737. — But  little  decomposed.     Moss  alone  grows  on  it. 

]  760.— Near  the  hill  of  the  Camalduli.     Still  unfit  for  vegetation. 

Surface  however  whitened  and  crumbly,  owing  to  de- 
composition, which  has  proceeded  farther  than  in  that 
of  1737. 

.  1771. — Colour  grey ;  moss  grows  upon  it,  but  no  heath. 

1785. — Fossa  di  Sventurato.     Lava  still  quite  hard  and  rough. 

.  1794. — Fossa  di  Cucazzello.     Surface  much  decomposed;  mosa 

grows  upon  it,  and  a  few  heaths,  but  no  trees  or  shmbe. 
It  is  to  be  observed,  that  even  the  latter  are  met  with  on 
the  surface  of  the  crater  from  which  this  lava  flowed, 
and  which  was  formed  by  heaps  of  scoriae  ejected  at  the 
same  time ;— a  proof  of  what  I  have  asserted  in  the  text 
with  respect  to  the  more  rapid  decomposition  of  looee 
ashes  than  of  a  bed  of  lava. 

-—  1805. — Fossa  del  Noce.     Colour  very  white ;  no  moss  appears  to 

grow  upon  it,  but,  being  covered  with  the  loose  scoris 
of  later  eruptions,  it  has  trees  growing  upon  it  in  a  few 
parts. 

. 1810.— Colour  grey ;  surface  rough,  though  somewhat  decomposed ; 

moss  grows  upon  it,  but  no  heaths  or  trees  are  seen, 
except  in  one  part  where  it  is  covered  with  cinders. 

1822. — Colour  black ;  surface  very  rough  and  irregular ;  no  moss  as 

yet  to  be  seen. 
It  will  be  seen  that  many  of  these  lavas  are  in  a  more  forward  state  than 

that  of  Ischia,  which  flowed  in  1302,  more  than  200  years  before. 

T 
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io  his  garden  at  Catania,  it'  is  covered  witb  artificial  soil,  or 
what  comes  to  the  same  thing,  a  ahower  of  voicanic  ashes  has 
overspread  it  of  siifficient  tenacity  to  imbibe  moisture,  and  to 
form  a  sort  of  mould. 

Under  these  circumatances  I  natnrally  felt  a  desire  to  verify  an  ob- 
eervatioD  reported  by  Brydone  on  the  authority  of  the  Canon  Recu- 
pero,  which  might  render  us  auspicious  of  the  correctucsa  of  our  re- 
ceived chronologiea.  This  writer,  Eifter  giving  an  instance  of  a  lava, 
the  date  of  which,  he  says,  goes  back  to  the  time  of  the  second  Punic 
war',  proceeds  to  state  that  at  Aci  Realef  we  see  seven  such  beds 
superimposed  one  on  the  other,  each  of  which  has  its  surface  tho- 
roughly deeompoeed,  and  converted  into  rich  vegetable  mould. 

Now  if  a  single  bed  of  lava,  he  says,  has  continued  for  more  than 
2000  years  vrilhout  experiencing  this  alteration,  what  a  laj'se  of  time 
must  it  have  required  to  reduce  seven  successive  beds  of  the  same 
material  into  a  state  of  such  complete  decomposition  ! 

Although  I  have  no  reason  to  doubt,  that  Brydone  received  from 
Itecupero  the  observation  on  which  he  grounds  his  inferences,  it  seems 


■  The  real  date  of  this  current  was  more  ancient.  It  was  that  of  the 
reign  of  the  elder  DionysiuB  tyrant  of  Syracuse.—  J'idt  infra. 

+  The  following  is  ihe  passage  Io  which  1  refer ;  — Near  to  a  vault,  which 
is  now  thirl y  feet  below  ginund,  and  liaa  probably  lieen  n  burial-place,  there 
ii  ft  draw-well,  where  there  are  Beveral  strata  of  Uvu,  with  earth  to  a  con- 
siderable thickness  over  the  surface  of  each  stratum.  Recupero  has  made 
use  of  this  as  an  argument  to  prove  Ihe  great  anliijuity  of  the  eruptions  of 
the  volcano.  For  if  it  requires  two  thousand  years,  or  upwards,  to  form 
but  a  scanty  soil  on  the  surface  of  a  lava,  there  must  have  been  more  than 
that  space  of  time  betwiit  each  of  the  eruptions  which  have  formed  these 
strata. 

But  what  shall  we  say  of  a  pit  they  sunk  near  to  Jaci,  of  a  great  depth  ? 
They  pierced  through  seven  distinct  lavas,  one  under  the  other,  the  surfaces 
of  which  were  parallel,  and  most  of  them  covered  with  a  thicit  bed  of  rich 
earth.  "  Now,"  says  he,  "  the  eruption  which  formed  the  lowest  of  these 
lavas,  if  we  may  be  allowed  to  reason  from  analogy,  must  have  flowed  from 
the  mountain  at  least  14,000  years  ago.  Recupero  tells  me  he  is  exceed- 
ingly embarrassed,  by  these  discoveries,  in  writing  the  history  of  the  inoun. 
tain;  that  Moses  bangs  like  a  dead  weight  upon  him,  and  blunts  all  his 
zeal  for  inquiry,  for  he  really  has  not  the  cunscienre  to  make  his  mountain 
so  young  as  that  prophet  makes  the  world.  The  bishop,  who  is  strenuously 
orthodox  — for  it's  an  excellent  see — has  already  warned  him  to  be  upon  his 
guard,  and  not  pretend  to  be  a  better  historian  than  Moses,  nor  to  pre?ume 
to  urge  anything  that  may,  in  Ihe  smallest  degree,  be  deemed  contradictory 
to  hia  sacred  authority."  (Brydone's  Tour  in  Sicily,  vol,  i.  p.  140.) 
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most  probable  that  the  remarks  appended  were  in  reality  his  own, 
though  he  thought  to  give  them  more  zest,  by  putting  them  into  the 
mouth  of  the  Canon,  whose  scientific  knowledge  it  was  his  aim  to 
exalt  at  the  expense  of  his  orthodoxy.  In  reality  however  this  good 
priest  appears  to  have  enjoyed  in  both  respects  a  reputation  which 
he  very  little  deserved ;  the  reports  of  Dolomieu  *  and  other  really 
scientific  travellers  making  him  out  to  have  been  a  man  of  but  slender 
philosophical  attainments,  but  as  one  who  at  least  was  free  from  all 
imputation  of  scepticism.  It  is  curious  nevertheless,  that  another 
foreigner  has  stated,  as  an  instance  uf  the  intolerant  spirit  prevailing 
in  the  country  in  which  he  lived,  that  the  poor  Abb^  was  thrown 
into  prison  for  his  religious  opinions,  whereas  the  truth  appears  to 
have  been,  that  the  reports  circulated  in  his  favour  by  Br}^done, 
Borch  and  others,  induced  the  Neapolitan  government  to  grant  him 
a  pension  on  the  score  of  his  scientific  merits.  Indeed  the  only  an- 
noyance, it  is  said,  he  ever  experienced  in  consequence  of  his  ima- 
gined discovery,  was  the  being  informed  that  certain  foreigners  to 
whom  he  communicated  his  observation,  not  content  with  ^Testing 
it  to  a  purpose  of  which  he  had  never  dreamt,  had  given  him  credit 
for  inferences  which  they  had  chosen  to  deduce  from  it  themselves. 

The  fact  nevertheless  reported  by  Brydone  obtained  a  currency 
proportionate  to  the  popularity  which  his  work  enjoyed ;  and  the 
mode  in  which  the  conclusion  drawn  from  it  had  been  generally 
combated,  was  by  reference  to  the  great  variableness  as  to  the 
period  which  a  bed  of  lava  will  take  to  undergo  decomposition,  llius 
even  Spallanzani,  though  he  visited  Sicily,  seems  to  have  contented 
himself  with  pointing  out  instances  in  which  newer  beds  of  lava 
have  taken  the  start  of  older  ones  in  their  progress  towards  cultiva- 
tion f,  a  circumstance  now  explained  by  the  fact,  that  lava,  like 
basalt,  is  not  in  general  a  homogeneous  body,  but  in  reality  is  made 
up  of  an  intimate  mixture  of  at  least  two  minerals  in  dififerent  liropor- 
tions,  which  are  unequally  affected  by  decomposing  agencies. 

Supposing  therefore  the  fact  stated  by  Brydone  to  be  unquestion- 
able, I  was  not  a  little  surprised,  when  on  visiting  the  celebrated  spot 
adverted  to»  I  found  the  beds  of  vegetable  mould,  which  proved,  ac- 
cording to  that  author,  the  degree  to  which  the  decomposition  of  the 
lava  had  extended,  to  be  in  reality  nothing  more  nor  less  than  layers 
of  a  ferruginous  tulF,  formed  probably  at  the  very  period  of  the  flow- 
ing of  the  lava,  and  originating  perhaps  from  a  shower  of  ashes  that 
immediately  succeeded  its  eruption.     It  is  true  that  the  clifiF,  which 

*  See  Dolomieu  sur  les  lies  Ponces,  p.  470. 
t  Voyage  dans  les  deux  Siciles,  vol.  i.  1.  7< 
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exhibita  a  section  of  these  lava  beds  witli  interposed  tuff,  ebowe  alto 
the  greater  facility  with  which  the  tatter  hat  yielded  to  the  action  of 
the  elements,  as  the  bare  and  mural  precipices  presented  by  the  tavas 
are  ia  marked  contrast  with  llic  gentle  slope  of  the  beds  of  tulf,  whidi 
aSbrd  soil  eufficieot  for  the  hardy  Cactus,  and  Iq  some  places  even 
for  the  Vine.  Still  there  ia  not  the  slightest  evidence  that  Uie  de- 
compoBitioD  extends  internally,  or  that  it  bad  taken  place  in  any  one 
instance  before  the  superincumbent  bed  of  lava  was  deposited. 

It  seems  also  very  doubtful  whether  these  beds  have  resulted  from 
tlie  operations  of  Mount  Etna,  fit  least  in  modem  limes ;  for  if  we  ex- 
amine their  characters,  we  shall  find  them  ButlicietiCly  di»tInguiBhed 
by  greater  compactness  and  a  stony  aspect  from  modern  lava*, 
whilst  the  general  correspondence  in  mineralogicnl  characters  that 
exists  between  tlicm  all  affords  a  strong  presumption  of  their  having 
been  produced  about  the  same  period. 

But  it  is  uaeless  to  multiply  proofs  of  the  fallacy  of  Mr.  Brydone's 
statement,  and  the  only  circumstance  that  needs  surprise  us  i».  that 
so  many  years  should  have  elapsed,  without  any  traveller  having 
visited  the  spot  with  the  view  of  ascertaining  the  correctness  of  his 
obsen'ations. 

What  the  real  antiquity  of  this  volcano  may  be,  will  depend 
in  our  estimation  upon  the  theory  we  prefer  to  adopt  with  re- 
spect to  the  mode  of  its  formatioD. 

If  with  some  geologists  we  imagine  it  wholly  biiilt  up  by 
successive  eruptions  of  lava  and  ejected  massea  mantling 
round  some  central  nucleus,  like  the  concentric  rings  of  a 
dicotyledonous  tree,  to  use  a  simile  of  Mr.  Lyell's,  the  period 
occupied  in  the  production  of  so  enormous  a  mass  would 
indeed  be  inconceivably  great,  for  the  ejections  of  sixteen 
centuries  have  added  only  a  few  feet  to  that  part  of  the  moun- 
tain upon  which  was  erected  the  Torre  del  Philosopho,  the 
remains,  as  it  is  said,  of  the  watch-tower  or  observatory  of 
Adrian. 

But  the  difficulties  of  another  kind,  which  stand  in  the  way 
of  this  supposition,  have  led  several  distinguished  geologists 
to  apply  to  the  case  of  Mount  Etna  the  elevation  theory  of 
Von  Buch,  and  to  take  a  view  of  the  early  history  of  the 
mountain,  differing  materially  from  one  built  upon  that  series 
of  events  which  has  been  taking  place  in  it  during  the  period 
of  man's  observation. 

It  is  only  of  course  a  persuasion,  that  the  pha?nomcna  ck- 
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hibited  by  the  inner  portions  of  the  volcano  revealed  to  us  are 
irreconcilable  with  the  results  of  its  present  operations,  which 
can  induce  us  to  do  violence  to  our  natural  prepossessions  in 
favour  of  that  imiform  march  of  events  which  the  common 
theory  assumes.  But  it  must  be  confessed,  I  think,  even  by 
the  warmest  partisans  of  the  latter,  that  we  have  only  the  al- 
ternative of  supposing  nature  to  have  operated  al  some  former 
period  in  a  different  manner,  that  is,  under  different  circum- 
stances from  those  existing  at  the  present,  or  to  have  brought 
about  in  ancient  times  products  different  from  those  of  the 
present  day  by  the  same  kind  of  operations. 

Now  there  is  a  remarkable  valley  on  the  east  side  of  Etna, 
commencing  near  the  summit,  and  descending  with  its  pro- 
longations to  the  confines  of  the  fertile  or  lower  region  of  the 
mountain,  which  affords  a  natural  section  of  the  internal  por- 
tions of  the  volcano.  It  is  called  the  Val  di  Bove,  and  has 
been  graphically  described  by  Mr.  Lyell  in  his  '  Principles  of 
Geology.'  He  represents  it,  as  a  vast  amphitheatre  four  or 
five  miles  in  diameter,  surrounded  by  nearly  vertical  preci- 
pices varying  from  1000  to  above  3000  feet  in  height,  the 
loftiest  being  at  the  upper  end,  and  the  height  diminishing  on 
both  sides,  remarkable  for  the  infinite  number  of  vertical  dykes 
which  are  seen  traversing  the  volcanic  beds  composing  it. 

The  following  representation  of  some  of  them  is  taken  from 
Mr.  Lyell's  work.  The  dykes  represented  vary  in  breadth 
from  two  to  twenty  feet,  and  usually  project  fi:^)m  the  fece  of 
the  cliff  as  here  seen. 


Dyke  at  ihr  base  <tf  Ike  Serrr  dei  So^izio.  Etna. 
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On  one  point  of  theory  most  geologists  Geeni  agreed, 
namely,  that  the  vast  mass  of  matter  whicli  at  one  time  must 
have  tilled  up  this  immense  cavity,  has  probably  sunk  into 
the  interior  of  llie  volcano, 

They  are  also  agreed  as  to  the  fact,  that  the  beds  which 
are  seen  surrounding  the  valley  have  not  that  quflqufl-versal 
dip  vhich  is  generally  regarded  as  characteristic  of  a  crater, 
but  are  all  inclined  towards  the  sea,  or  nearly  east  at  a  con- 
siderable angle. 

So  far  therefore  the  appearances  would  seem  to  be  un- 
favourable to  the  elevation  theory  ;  for  if  the  mountain  owed 
its  origin  to  an  upheaving  of  the  surface,  the  Val  di  Bove 
would  be  the  point  where  we  might  expect  to  find  the  evi- 
dence of  such  a  ratastrophe. 

It  has  also  been  ascertained*  that  the  lavas  of  the  Val  di 
Bove,  though  differing  in  external  appearance,  compactness, 
&c.,  as  well  as  in  the  presence  of  hornblende,  from  those  at 
present  ejected  from  the  mountain,  agree  with  them  never- 
theless in  consisting  of  Labrador  felspar  destitute  of  potass, 
and  not  of  either  of  the  trisilicates  belonging  to  that  ffenus  f. 
Hence  the  notion  that  the  nucleus  of  Mount  Etna  is  tra- 

*  See  Hoffman,  Geog.  Beob.  p.  693. 

+  Tb  18  however  does  not  appear  to  be  the  caae  aoiverwlly,  for  io  a  note 

to  page  702  of  HolfmaD's  work  edited  by  Von  Decben,  it  is  stated  that  the 
rock  of  Giannicola  ia  the  Val  di  Bove  had  been  analysed  by  Plattaer,  and 
that  after  separating  aa  much  as  possible  by  mechanical  means  the  parti~ 
cles  of  borablcnde,  the  remainiog  felspathic  portion  was  found  to  cootist 
of —  Or  deducting  the  iron  and 

manganese  as  extraneous. 

Silica 62-2    ....     65'00 

Alumina 208    ....     22-00 

Lime 27....      280 

Magnesia 1-4    ...     .      1'50 

Oiideof  iron  8c  manganese       4'3 

Potass 3-1     ...     .       3-25 

Soda 5-2    ...     .       5-45 

997  10000 

Now  by  referring  to  page  13  aC  this  work,  it  will  be  seen  that  this  ap- 
proaches very  nearly  to  the  composition  of  the  potasa-albite  of  Drachenfela 
in  respect  to  the  proportions  of  potass  and  soda,  but  that  those  of  the 
other  ingredients  differ  widely.  It  is  therefor*  probable  that  two  kinds  of 
felspar  may  here  be  intermined. 
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chytic^  which  Gioeni  and  others  have  represented  it  to  be, 
and  which  analogy  might  lead  us  to  conjecture  was  the  case, 
is  at  least  not  confirmed  by  the  examination  of  the  Val  di 
Bove. 

Notwithstanding  all  this,  Elie  de  Beaumont*  has  brought 
together  a  great  array  of  evidence  in  support  of  his  position, 
that  the  beds  of  the  Val  di  Bove  could  not  have  been  de- 
posited at  their  present  high  angle  of  inclination,  which 
amounts  in  some  cases  to  thirty  degrees.  He  appeals  to  the 
uniformity  of  their  thickness,  their  compact  and  crystalline 
character,  and  to  the  absence  of  that  talvs  of  scoriae  which 
accompanies  most  currents,  characters  belonging,  as  he  con- 
tends, exclusively  to  those  lavas  which  have  flowed  at  a  very 
small  angle,  and  which  consequently  only  begin  to  be  as- 
sumed by  the  products  of  modem  eruptions  when  they  have 
reached  the  level  ground. 

From  these  and  other  reasons  which  are  urged  by  this  emi- 
nent geologist  with  great  ingenuity  and  force,  it  is  concluded, 
that  the  ground  now  covered  by  Mount  Etna  was  originally 
nearly  flat,  but  that  it  was  rent  at  various  times  by  fissures 
running  nearly  in  one  determinate  direction;  that  through 
these  fissures  issued  the  melted  matters,  which  spreading  on 
all  sides  of  the  orifice  formed  vast  sheets ;  and  that  these, 
owing  to  the  equal  distribution  of  the  matter  from  a  number 
of  different  vents,  became  nearly  uniform  in  thickness.  These 
eruptions  were  followed  by  ejections  of  loose  masses,  which 
formed  the  beds  of  tuff  superposed. 

But  at  one  period  the  agent,  which  had  so  oflen  rent  the 
ground,  acquired  a  force  sufficiently  great  to  upheave  it. 
From  that  moment  Etna  became  a  mountain,  and  a  channel 
of  communication  between  the  interior  of  the  globe  and  the 
atmosphere  being  established  up  to  its  very  summit,  a  per- 
manent volcano  was  the  consequence. 

The  elevation  however  does  not  appear  to  have  taken  place 
in  the  same  simple  manner  as  in  those  localities  where  it  has 
given  rise  to  regular  craters  of  elevation,  such  as  that  of 
Monte  Somma.  The  effort  which  has  upheaved  the  gibbous 
portion  of  Etna  seems  to  have  acted,  not  at  one  central  point, 
but  along  a  straight  line  represented  by  the  axis  of  an  ellipse, 
of  which  the  southern,  northern  and  eastern  flanks  of  the  Val 

*  M ^moires  pour  servir,  &c.  vol.  ii. 
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di  Bove  constitute  the  different  portions ;  and  the  elevatory 
force  appears  to  have  acted  unequally  on  the  different  por- 
tions of  this  line,  so  that  its  western  extremity,  which  corre- 
sponds with  the  actual  chimney  of  the  volcano,  has  been 
upheaved  more  than  the  rest, 

The  upheavement  then  of  this  portion  of  the  mountain  was 
accompanied;  in  all  probability,  with  the  engulfment  of  the 
great  mass  of  matter  which  must  have  once  tilled  the  actual 
cavity,  and  thus  the  void  which  the  upheaving  of  the  mass 
would  occasion  within  may  have  been  partially  Gupplied. 
Nor  need  such  an  event  as  is  here  supposed,  he  regarded  as 
implying  any  violation  of,  or  departure  from,  the  ordinary 
laws  of  nature. 

"It  is  impo8siblej:o  say,"  remarks  M.  de  Beaumont,  "how 
many  generations  must  succeed  each  other  on  the  borders  of 
a  river,  in  order  that  the  people  that  dwell  there  should  have 
registered  in  their  annals  all  the  droughts,  all  the  excavations, 
all  the  irruptions  and  anomalies  of  every  sort  which  the  stream 
is  liable  to  produce.  Still  more  ignorant  are  we  what  lapse  of 
time  may  be  required,  in  order  that  any  one  volcanic  focus 
should  run  through  the  entire  circle  of  accidents  of  which  it 
is  eusceptible,  not  to  speak  of  that,  which  those  in  other  parts 
of  the  world  are  capable  of  exhibiting." 

Elie  de  Beaumont  therefore  would  divide  the  products  of 
this  volcano  into  two  classes,  ancient  and  modern,  placing  the 
volcanic  rocks  exhibited  in  the  Val  di  Bove,  as  well  as  many 
of  those  found  at  the  base  of  the  mountain,  under  the  former 
category,  and  the  rocks  surrounding  the  present  crater, 
together  with  its  numerous  subordinate  cones  and  their  re- 
spective streams  of  lava  seen  on  the  surface  of  the  mountain, 
under  the  latter. 

This  crater,  when  visited  by  HoSinan  in  1S32,  was  a  funnel- 
shaped  elliptical  cavity,  surrounded  by  precipitous  walls. 
The  larger  diameter  might  be  1000  paces,  the  smaller  600. 
The  walls  rose  from  300  to  350  feet  above  the  general  level; 
on  the  west  side  they  are  seen  to  consist  of  horizontal  beds 
of  slag,  but  elsewhere  they  present  nothing  but  perpendicular 
fissures,  from  which  abundance  of  vapours  issue.  These  ap- 
pear to  have  been  sulphureous,  as  was  the  case  when  I  visited 
the  crater  in  1824,  whereas  those  emitted  from  Vesuvius  con- 
sisted of  muriatic  acid.     Hoffman  observed,  that  in  1829  a 
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small  lava-stream  was  emitted  from  the  crater^  which^  con- 
sidering its  great  height^  is  a  remarkable  circumstance.  In 
this  volcano  however  the  resistance  opposed  in  the  lower 
parts  of  the  mountain  is  so  great,  that  the  lava  streams  seldom 
issue  from  it  at  a  lower  point  than  Nicolosi,  which  is  2286 
feet  above  the  sea. 

With  regard  to  the  history  of  the  volcano  as  deduced  from 
records  or  traditions,  I  may  remark,  that  the  silence  of  Homer 
on  the  subject  of  the  eruptions  of  Etna  is  often  quoted  in 
proof,  either  of  its  more  modern  date,  or  of  its  having  been, 
like  Vesuvius,  in  a  state  of  long  quiescence  * ;  but  to  such 
negative  evidence  we  have  to  oppose  the  positive  statement  of 
Diodorus  Siculusf^  who  notices  an  eruption  long  anterior  to 
the  age  of  this  poet,  as  he  says  that  the  Sicani,  who  with  the 
exception  of  the  fabulous  Cyclops}  and  Lestrigons,  were  the 
first  inhabitants  of  the  island,  and  who  are  admitted  on  all 
sides  to  have  possessed  it  considerably  before  the  Trojan  war, 
deserted  the  neighbourhood  of  Mount  Etna  in  consequence 
of  the  terror  caused  by  the  eruptions  of  the  volcano. 

This  is  confirmed  by  Dionysius  Halicarnassus,  who  reports 
that  the  Siculi  §,  who  passed  over  from  Magna  Graecia  about 
eighty  years  before  the  Trojan  war,  first  took  possession  of 
that  part  of  the  island  which  had  been  deserted  by  the  Sica- 
nians,  so  that  it  is  probable  that  the  mountain  was  at  that 
period  tolerably  tranquil,  in  which  case,  supposing  no  erup- 
tion to  have  taken  place  from  that  time  till  the  age  of  Homer, 
it  is  by  no  means  unlikely  that  in  a  barbarous  age  the  tradi- 

*  It  is  true  that  the  fire  of  Etna  is  alluded  to  in  the  poems  attributed  to 
Orpheus,  which  some  have  supposed  as  ancient  as  the  time  of  Pisistratus, 
half  a  century  at  least  before  the  age  of  Pindar :  these  poems  however  are 
in  general  referred  to  a  much  later  period. 

t  Lib.  V. 

X  Fazzello,  Decad.  lib.  i.  1.  6,  tells  some  wonderful  stories  of  the  bones 
and  teeth  of  these  giants  being  discovered  in  caverns  in  the  limestone  of 
Trepani,  Palermo,  &c. ;  but  these  have  been  examined  by  Dr.  Christie,  Pro- 
fessor Scina,  and  oAcrs,  and  are  found  to  consist  of  the  bones  of  elephants, 
hippopotami,  deer,  &c.     Edinb.  Ph.  Journ.,  April  1S32. 

§  Dion.  Hal.  lib.  i.  There  is  great  uncertainty  however  respecting  the 
date  of  this  event.  Cluverius  places  it  14S  years  after  the  taking  of  Troy 
(Sicilia  Antiqua,  p.  29)»  but  Thucydides  expressly  says,  lib.  vi.,  that  the 
Siculi  came  over  300  years  before  the  Greeks,  who  were  driven  to  Sicily 
by  a  tempest  on  their  return  from  Troy. 


tion  of  eveDta  so  remote  may  have  been  in  great  measure 
effaced,  and  thus  have  never  reached  the  ears  of  the  Greek 
poet. 

The  earliest  historian  by  whom  the  volcano  has  been  aottced 
is  Thucydides,  wlio  says,  that  up  to  the  date  of  the  Pelopon- 
nesian  war,  which  commenced  in  the  year  431  b.c,  three 
eruptions  had  taken  place  from  Mount  Etna  since  Sicily  was 
peopled  by  the  Greeks.  It  is  probably  to  one  of  these  that 
Pindar  has  alluded  in  his  first  Pythian  Ode*,  written  accord- 
ing to  Heyne  in  consequence  of  the  victory  obtained  by  Hiero 
in  the  year  4/0  B.C.  It  may  be  remarked,  that  this  poet  par- 
ticularly speaks  of  the  streams  of  lava,  which,  if  we  may  judge 
from  Vesuvius,  are  less  usual  concomitants  of  the  first  erup- 
tions of  a  volcano  t> 

Tai  ijHvyovrai  fU¥  dirXn — - 

En  fiv^cuv  irayai,  1tora^io^ 
A'afupaiatv  jitv  npajfioyrt  pooii  Kitmav 

Diodorus  Siculus  J  mentions  an  eruption  subsequent  to 
the  above,  namely  in  the  9Gth  Olymp.  or  396  years  B.C., 
which  stopped  the  Carthaginian  army  in  their  march  against 
Syracuse.     The  stream  may  be  seen  on  the  eastern  slope  of 

*  .lEschylus  OS  well  as  Pindar  alludes  to  the  conJinemeDt  or  Tjrphon 
under  the  islaod  of  Sicily,  aod  to  the  volcaaic  eruptions  arising  from  his 
presence : — 

Kai  iniv,  axpiiov  <tat  wap'}opov  tffia! 
Ktirai  CTTiKmrou  TrXijmoi'  fliAao-o-iou 
Ijr»3U)i*M>t  piitimv  AiTyauut  xmo. 
KopiMpai!  S'lv  aKpatt  fjiuros  /ivipoKTvnit 
'H^aHTTot,  irfftf  iit/joyijoopTUt  iIOTt 
ISorapoi  mipot,  iairroms  aypioit  yrafloic 
Tjjt  KoKXiKapirov  SiifXiat  \rvpas  yvar. 

Promttheus,  363. 
It  may  be  remarbed  that  this  poet  speaks  of  the  volcaaic  pbeenomeQa  as 
to  happen  at  Gome  time  subsequent  to  that  at  which  the  incidents  of  the 
play  are  supposed  to  take  place,  and  as  being,  at  the«period  to  which  be 
refers,  only  in  preparation. 

+  In  case  any  doubt  should  eiist  respecting  the  interpretation  of  tbia 
passage,  it  may  be  remarked,  that  the  e);istence  of  a  stream  of  lava  is  more 
dislioctly  expressed  by  Thucydides,  whose  words  are;  'ppv/  ir<pi  avro  to 
lap  roiiTo  A  pvai  Tou  Tripot  •«  njt  htrvat. — L.  iii.  1 16. 
I  Lib.  niv. 
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the  mountain  near  Oiarre^  extending  over  a  breadth  of  more 
than  two  miles^  and  having  a  length  of  twenty-four  from  the 
summit  of  the  mountain  to  its  final  termination  in  the  sea. 
The  spot  in  question  is  called  the  Bosco  di  Aci ;  it  contains 
many  large  trees>  and  has  a  partial  coating  of  vegetable  mould, 
and  it  is  seen  that  this  torrent  covered  lavas  of  an  older  date 
vhich  existed  on  the  spot. 

Four  eruptions  are  recorded  to  have  happened  between  this 
period  and  the  century  immediately  preceding  the  Christian 
sera*,  during  which  latter  epoch  the  mountain  seems  to  have 
been  in  a  state  of  frequent  agitation,  so  that  it  is  noticed  by 
the  poets  among  the  signs  of  the  anger  of  the  gods  at  the 
death  of  Caesar  t* 

After  this  for  about  a  thousand  years  its  eruptions  are  but 
little  noticed,  but  during  the  last  eight  centuries  they  have 
succeeded  each  other  with  considerable  rapidity.  Referring 
however  to  the  chronological  list  of  the  eruptions  of  the  moun- 
tain for  a  specification  of  these,  I  shall  here  merely  allude  to 
such  as  have  produced  some  remarkable  change  in  the  cha- 
racter of  the  country. 

I  know  not  whether  I  ought  to  include  among  these  events 
the  supposed  destruction  of  the  port  of  Ulysses  and  the  island 
adjoining,  of  which  Homer  and  Virgil  make  mention,  and 
which,  from  the  position  assigned  to  them  by  Phny  j:,  have 
been  supposed  to  have  stood  near  the  village  of  Longnina,  a 
few  miles  north  of  Catania. 

As  the  present  size  of  the  creek  which  is  found  there, 
adapted  only  for  small  fishing-boats,  is  far  too  inconsiderable 
to  correspond  with  the  description  given  of  it  by  the  poets  §, 
and  as  the  island  itself  does  not  exist,  it  has  been  imagined 
that  there  was  once  a  harbour  farther  inland,  and  at  the  back 
of  the  present  village,  an  idea  to  which  the  configuration  of 

*  viz.  B.C.  140,  135,  126,  122.     Cluv.  Sic.  Ant.  p.  105. 

+  Quoties  Cyclopum  effervere  in  agros 

Vidimus  undantem  ruptis  fornacibus  Etnam, 
Flammarumqae  globes,  liquefactaque  volvere  saxa. 

Georgic,  i.  471. 
I  Piin.  Nat.  Hist.  lib.  iii.  cap.  14. 

f  Portns  ab  accessu  ventonim  iromotus,  et  ingens 
Ipse,  sed  horrificis  juxta  tonat  Etna  ruiois. — jEneid.  iii.  571. 
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the  surrounding  country  seems  to  lend  some  colour.  Bembo  * 
even  goes  so  far  as  to  attribute  to  an  eruption  that  took  place 
in  the  fourteenth  century,  the  filling  up  of  the  harbour,  and 
the  junction  of  the  island  with  the  miin  land,  and  Fazzello 
follows  him  in  this  notion  ;  but  Ferrara  t  assures  us,  that  the 
lava  of  Longnina  certainly  belongs  to  the  eruption  recorded 
by  Orosius  as  happening  in  the  year  of  Rome  SSI,  or  122 
n.c,  so  that  the  destiiiction  of  the  port  must  have  occurred 
at  that  epoch,  if  at  all.  It  must  be  remarked  however  that, 
with  the  single  exception  of  Pliny,  no  notice  is  taken  of  such 
a  port  by  any  of  the  prose  writers  of  antiquity,  so  that  it  is 
possible  that  the  whole  may  have  been  a  figment  of  imagi- 
nation, first  introduced  by  Homer,  ond  copied  with  little 
variation  by  his  Roman  imitator. 

The  only  semblance  of  a  harbour  which  the  neighbour- 
hood of  Catania  has  to  show,  it  owes  to  the  lava  of  1 669.  In 
this  memorable  eruption  a  rent  twelve  mites  in  length  and 
six  feet  in  width  took  place  on  the  flank  of  the  mountain 
above  Nicolosi,  about  half-way  between  Catania  and  the 
summit,  and  from  this  fissure  descended  a  torrent  of  melted 
matter,  which  continued  flowing  for  several  miles,  destroyed 
a  part  of  Catania,  and  at  length  entering  the  sea  formed  a 
little  promontory,  which  serves  at  present  to  arrest  the  fury 
of  the  waves  in  that  quarter.  At  the  same  time  the  accumu- 
lation of  matters  ejected  raised  on  the  mountain  two  conical 
hills  called  the  Monti  Rossi,  which  measure  at  their  base 
about  two  Italian  miles,  and  are  in  height  more  than  300  feet 
above  the  slope  of  the  mountain  on  which  they  are  placed. 

The  eruption  of  1755  was  remarkable  from  an  overflow  of 
water,  an  enormous  torrent  of  which  burst  from  a  cavern 
below  the  great  crater,  dashed  over  the  snows,  and  pouring 
down  the  precipices,  overwhelmed  and  destroyed  everj'thing 
that  interposed,  in  its  irresistible  descent.  The  water  is  said 
to  have  been  boiling;  but  this  Mr.  Lyell  disputes,  although, 
if  it  proceeded  from  the  interior  of  the  mountain,  iind  not 
from  the  melting  of  snows  on  its  exterior,  its  temperature 
would  necessarily  have  been  high.     Unfortunately  it  is  not 

"  See  P.  Bpmbi  Liber  de   Etnfl,  attached  to  Schelte's  edition  of  Corn. 
Sever,  Etna.     Amstel.  1703,  p,  218. 
t  Ferrara,  Descriiionc  dell'  Etna.     Palermo,  1818. 
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settled  whether  the  water  was  salt  or  fresh  :  had  this  been  as- 
certainedj  its  origin  would  not  have  continued  doubtful. 

The  eruption  of  1819  is  particularly  described  by  Signor 
Oemellaro  of  Catania,  who  has  for  many  years  past  carefully 
watched  and  recorded  the  operations  of  the  volcano. 

Three  large  openings  occurred  in  the  side  of  the  cone  not 
far  from  its  apex,  from  which  flames,  red-hot  lapilli,  and  sand 
were  thrown  up.  Two  other  apertures  immediately  after- 
wards took  place  a  little  underneath,  from  the  lowest  of  which 
a  torrent  of  lava  proceeded.  This  was  augmented  by  streams 
from  the  other  four  craters,  which,  uniting  into  one  body  of 
molten  matter,  poured  themselves  into  the  Val  di  Bove.  There, 
according  to  Mr.  Scrope,  its  surface  presented  that  rugged 
and  irregular  aspect  which  belongs  to  lava-streams  flowing 
down  a  considerable  slope,  and  advancing  consequently  at  a 
comparatively  rapid  rate. 

It  had  all  the  appearance,  he  says,  of  a  huge  heap  of  rough 
and  large  cinders  rolling  over  and  over  upon  itself,  by  the 
effect  of  an  extremely  slow  propulsion  from  behind.  When 
it  arrived  at  a  vast  and  almost  perpendicular  precipice  at  the 
head  of  the  valley  of  Catania,  it  poured  over  in  a  cascade, 
and  being  hardened  in  its  descent,  made  an  inconceivable 
crash  as  it  was  dashed  against  the  bottom,  throwing  up  an 
enormous  mass  of  dust  from  the  abrasion  of  the  tufaceous 
hill  over  which  it  had  descended. 

In  the  year  1831  the  operations  of  the  volcano  assumed  an 
additional  interest  from  their  presumed  connexion  with  cer- 
tain movements  which  were  observed  in  the  sea  off  the  coast 
of  Sciacca,  and  which  terminated  in  the  elevation  of  a  new 
island. 

That  the  volcanic  energy  exerts  itself  generally  under  the  neigh- 
bouring parts  of  the  Mediterranean  might  indeed  have  been  inferred 
from  a  phsenomenon  noticed  by  Captain  Smyth,  and  called  by  the 
Sicilians  Marobia,  probably  a  corruption  of  Mare  Ubbriaco,  or  the 
drunken  sea,  a  name  which  it  derives  from  the  irregular  movement 
of  the  waters  which  takes  place  principally  along  the  southern  coast 
of  the  island  and  in  calm  weather,  although  regarded  as  the  precursor 
of  a  storm.  Tlie  Marobia  is  felt  with  the  greatest  violence  at  Maz- 
zara ;  its  approach  is  announced  by  a  stillness  in  the  atmosphere  and 


II  lurid  sky,  when  Buddeiily  the  water  rises  nearly  two  feet  above  its 
uauol  level,  nail  rustics  into  the  creeks  with  amazing  mpidity 
in  a  few  minutes  recedes  n^in  with  equal  velocity,  diaturbiiig  the 
mud.  tearing  up  the  seaweed,  and  occasioning  a  noisome  effluvia, 
during  which  time  the  fish  float  quite  helpless  on  the  turbid  surface, 
and  are  easily  taken.  These  rapid  changes  (as  capricious  in  their 
nature  as  those  of  the  Euripus)  generally  continue  from  thirty  mi- 
nutes to  upwards  of  two  hours,  and  are  succeeded  by  the  breeze 
from  the  southward,  which  quickly  increases  to  heavy  gusts. 

■Whether  or  not  this  lie  owing  to  a  volcanic  cause,  we  may  at  least 
assign  to  the  latter  a  pliicnomenon  called  the  viare-moto,  which  is 
experienced  off  the  coast  of  Sicily,  and  is  the  same  in  its  effects  at 
sea  as  an  earthquake  on  shore  ;  nor  will  it  appear  unnatural  that  the 
sea  should  be  thus  agitated,  when  I  relate  the  event  alluded  to  as 
occurring  off  the  western  coast  of  Sicily  in  the  year  1831,  at  the  very 
time  when  Etna  was  tlirowing  out  smoke  and  volcanic  sand,  as  this 
was  preceded,  within  a  fortnight  of  its  occurrence,  by  the  sea-quake 
here,  of  whieh  mention  has  been  made*. 

The  volcano  was  first  observed  by  a  merchant  vessel  on  the 
13th  of  July  1831.  It  was  aflerwards  ap|iroached  by  Cap- 
tain Swinburne,  the  commander  of  an  English  sloop  of  war, 
and  was  reported  by  him  to  be  on  the  19th  of  July  in  q  state 
of  great  aclivity,  t'Tiiilling  vast  volumes  of  steam,  ashes,  and 
cinders,  and  having  a  crater  raised  only  a  tiew  feet  above  the 
sea's  level.  The  eruptions  lasted  till  nearly  the  end  of  August, 
when  the  circumference  of  the  island  was  about  3840  feet,  its 
greatest  height  107,  and  its  crater  7S0  feet.  On  the  5th  of 
August  it  was  visited  by  Dr.  Davy,  who  found  it  in  the  act  of 
emitting,  at  intervals  of  two  or  three  hours  apart,  volumes  of 
white  vapour,  mixed  with  occasional  showers  of  ashes.  No 
sulphureous  smell  was  perceptible,  but  abundance  of  gas  was 
given  oiF  from  the  sea  in  its  immediate  neighbourhood,  which 
proved  to  consist  chiefly  of  carbonic  acid  and  of  azote,  but 
with  scarcely  a  trace  of  sulphuretted  hydrogen. 

The  portion  of  the  island  which  projected  above  the  waters 
appeared  to  consist  wholly  of  loose  scoria,  or  fragments  of 
vesicular  lava ;  it  continued  visible  till  the  latter  end  of  De- 
cember, when  it  sunk  again  beneath  tiie  waters,  leaving  not 
a  rock  or  even  a  shoal  to  mark  its  position. 

Whether,  however,  it  is  to  be  regarded  as  a  portion  of  the 
•  See  Commander  Swinburne's  Despatch  to  Admiral  Hotham. 
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bed  of  the  Mediterraneaa  upheaved  by  the  volcanic  forces 
which  found  a  vent  through  the  crater  on  the  summit^  or 
whether  it  was  simply  built  up  by  a  congeries  of  loose  frag- 
ments and  scoriae  ejected  from  the  bottom  of  the  sea,  is  still 
a  matter  of  dispute.  The  latter  is  the  most  obvious  hypothesis^ 
and  is  the  one  adopted  by  Dr.  Davy  and  by  M.  Constant 
Prevost,  both  of  whom  were  on  the  spot.  It  is  subject  how- 
ever to  very  serious  difficulties^  from  the  great  depth  of  the  sea 
at  the  spot  where  this  new  island  arose^  and  the  rapid  sinking 
of  the  soundings  from  one  to  forty  or  fifty  fathoms.  Had  the 
island  been  built  up  by  a  gradual  accumulation  of  loose  frag- 
ments,  would  not  some  time  have  been  required  for  raising  it 
to  such  an  elevation ;  and  ought  not  the  bottom  of  the  sea  for 
many  miles  around  to  have  also  had  its  depth  diminished? 
Moreover,  it  is  a  curious  fact  recorded  by  Davy,  that  whilst 
the  temperature  of  the  sea  at  the  time  was  in  general  80°,  that 
immediately  above  the  island  reached  only  70°  or  72°,  a  cir- 
cumstance which  M.  Arago  explains  in  accordance  with  the 
elevation  theory,  by  supposing  a  mass  of  rock  possessing  a 
lower  temperature  to  have  been  thrust  up  through  the  midst 
of  the  waters. 

The  last  eruption  of  any  moment  which  has  taken  place  at 
Mount  Etna  was  the  one  of  December  1842,  which  produced 
a  stream  of  lava  taking  the  direction  of  Bronte  and  {landazzo^ 
and  producing  great  devastations.  A  curious  circumstance 
is  recorded  of  it,  which  has  given  rise  to  much  discussion. 
The  lava-stream  was  watched  by  a  large  number  of  persons 
proceeding  steadily  onwards,  in  the  direction  of  a  small  lake 
or  pond  of  water.  When  it  approached  its  borders,  the  first 
impulse  of  the  assembled  multitude  was  to  retreat,  aware  of 
the  consequences  which  usually  attend  the  contact  of  molten 
matter  with  a  body  of  liquid.  To  their  surprise  however  no 
explosion  took  place  at  the  moment  the  lava  reached  the  pool^ 
upon  which  a  number  of  the  spectators  took  courage,  and 
went  nearer  to  watch  what  would  happen.  After  a  brief  in- 
terval, however,  the  effects  which  they  had  shrunk  from  with 
so  much  dread  actually  occurred,  the  lava  which  had  entered 
the  stream  being  suddenly  projected  into  the  air  with  a  terrific 
noise,  and  the  fragments  in  their  descent  proving  fatal  to  a 
large  number  of  those  who  had  been  rash  enough  to  come  near. 


M.  Boutigny,  whose  ingenioua  experiments  on  the  repulsion 
between  boclies  intensely  heated  and  water  are  well  known, 
explains  the  nan- occurrence  of  any  explosion  at  the  moment 
of  the  lava  first  entering  the  water,  by  its  high  temperature, 
which  was  such,  as  not  to  cause  the  generation  of  steam  till  it 
had  had  time  to  cool  down  to  a  certain  point,  when  the  usual 
consequences  of  the  contact  of  a  heated  moss  with  water  took 
place. 

With  regard  to  the  products  of  volcanic  action  exhibited 
at  Mount  Etna,  1  may  state  generally,  that  its  lavas  have 
been  determined  by  Professor  Rose  to  consist  of  an  intimate 
mixture  of  labradorite  and  of  augite,  seldom  containing  any 
hornblende,  and  never  orthoclase.  Hence  the  entire  absence 
of  pumice  and  of  obsidian  ;  for  these,  as  has  been  already 
stated,  are  products  of  felspathio  rocks,  in  which  the  several 
earths  and  alkalies  exist  in  the  (compound  as  trisilicates. 

There  is  therefore  a  general  correspondence  in  character 
between  the  ancient  and  modern  lavas,  except  that  the  latter 
contain  more  generally  an  admixture  of  titaniferous  iron, 
The  ejected  masses  are  much  more  uniform  in  their  composi- 
tion than  those  found  on  Vesuvius,  nor  am  I  aware  of  the 
occurrence  among  them  of  any  mineral  that  does  not  exist  in 
the  latter  mountain.  Signor  Gemellaro  discovered  a  mass  of 
granite  in  the  midst  of  ancient  lava  *  which  seemed  to  have 
been  thrown  out  from  the  volcano. 

To  the  same  geologist  we  are  also  indebted  for  a  very  sin- 
gular discovery,  namely  that  of  a  bed  of  ice,  interst ratified,  as 
it  were,  with  lava  near  the  Casa  Inglese,  at  a  height  of  about 
aOOO  feet,  owing,  as  it  would  appear,  to  a  stream  of  melted 
matter  having  flowed  over  a  deep  mass  of  drift  snow,  protected 
from  its  immediate  contact  by  the  dense  stratum  of  volcanic 
sand  or  ashes  which  covered  it,  this  being  so  bad  a  conductor 
of  heat  as  to  prevent  the  entire  fusion  of  the  frozen  mass  under- 
neath. When  once  consolidated,  the  lava  would  itself  protect 
the  ice  from  further  disturbance,  and  hence  it  is  quite  con- 
ceivable, that  repeated  alternations  of  snow  and  lava  might 
occur,  especially  in  the  volcanos  of  colder  regions. 

•  Sec  his  pamphlet  "  Sopra  alcuni  peiii  di  Granito  e  di  lava  aiiticlia  Iro- 
vali  presso  alia  cima  di  Etna,"  del  Dottor  C.  Gemellaro.    Catania.  1823. 
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During  the  period  at  which  I  visited  the  mountain^  in 
1824^  sulphurous  acid  was  given  out  in  volumes  from  the 
crater ;  but  the  condensed  vapours  collected  from  the  fruna- 
roles  on  its  exterior  consisted  simply  of  water,  very  slightly 
impregnated  with  muriatic  acid.  Sulphuretted  hydrogen  I 
did  not  discover  near  the  summit,  but  at  the  bottom  of  the 
mountain  it  is  evolved  from  the  spring  of  Santa  Venneranear 
Jaci  Reale. 

'^able,  showing  the  correspondence  in  point  of  time  between  the 
eruptions  o/Etna,  VesumuSy  and  the  other  Volcanos  connected 
with  them.  

(Extracted,  with  8ome7ew  additions,  from  Hoff's  Geschichte  der  Vermderungeii 

der  Erdoberflache*.) 


ETNA. 

VESUVIUS. 

B.C. 

480  or  thereabouts. 

427. 

396. 

185,  Emption 

between  the  iEolian  Islands, 

according  to  Pliny,  200  b.c. 

140. 

135. 

126  or  125,  in  which  year  flames  rose  from  the  sea  near  Lipari. 

122. 

91, 

Eruption  at  Ischia. 

, 

56  or  thereabouts. 

45  or  44. 

36  or  thereabouts. 

A.D. 

f 

40  or  thereabouts. 

A.D. 

79. 
203. 

251. 

512. 
685. 

812. 

983. 

993. 
1036. 
1049. 
1138orll39,  6Kal.  lun. 

1169,  Feb.  4. 

Between  1198  and  1250. 

1198,  the  Solfatara  inflamed. 

1284. 

1302,  Emptioi] 

I  of  Mount  Epomeo,  in  Ischia. 

*  Those  who  wish  to  learn  more  respecting  the  earlier  eruptions  of  Mount  Etna 
may  consult  a  memoir  by  the  Canon  Alessi,  in  the  Transactions  of  the  Gioenian 
Society  of  Catania,  1826. 
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BTNA 
ETNA. 


VESUVIUS  COM 


1329,  June  28. 
1333. 

1406,  NoTember  9. 

lt4S. 

1446. 

1447,  September. 

I&35,  Mirch.  imi537. 

1538,  2gih  September,  FarmatioD  of  llic  Monte  Kuoi 
near  PuzzuoU. 
1566. 


1631.De«mbCT  Ifi. 


1633,  February  2S. 
16i3,  NoicmlwT. 

iGai. 

1669,  March  ». 
1682,  December. 
ieB8. 

1689,  March  14. 

1694,  March  to  December,    (Eruption 
oul;  of  aihn.) 

1702.  March  8. 


1735.  October,  bcginuing  of  the  monlh. 


1660,  July. 
1632,  August  12. 

1694,  March  12,  nitb  fecbls  war. 

rence*  of  aetiim  tSl  1698. 
1701,  July  2  till  15. 


1707,  May  SO,  with  feeble  r» 

ofsction  till  August  1707. 

1712.  Feb.  18,  eruption  continued  ti 
the  following  year. 

1717.  June  6,  continued  as  before. 


17G0,  December  23. 

1766.  M.rch25. 
i:67,Oi:lober23. 
17?0. 

1778,  September  23. 

1779,  Anguit  3. 
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ETNA. 


A.D. 


1787,  July  28. 


1792,  March. 

1798,  June. 

1799,  June. 

1800,  February  27. 
1802. 


1809,  March  27. 
1811,  October  28. 

1819,  May  29. 


1831,  February  17,  appearance  of  a  new 

island  off  the  coast  of  Sciacca, 
first  observed  July  13. 

1832,  Oct  31. 


1842,  December. 


VESUVIUS. 

A.D. 

1784,  October  12  and  December. 

1786,  October  31. 

1787,  December  21. 

1788,  July  19. 

1789,  September  6. 

1794,  June  15. 
1799,  February. 


1804,  August  12  and  November  22. 

1805,  July. 

1806,  May. 

1809,  December  10. 
1811,  October  12. 
1811,  December  31. 
1813,  May  to  December. 
1817,  December  22  to  26. 
1818. 

1819,  April  17. 
1819,  November  25. 
1822,  February  13  to  24. 
1822,  October  22. 
1830,  August  18. 


1834,  August. 

1839,  minor  eruptions  of  scoriae,  &c. 

1845,  ditto. 


It  appears  from  this  Table,  that  the  nearest  coincidence  between  the  eruptions 
of  the  two  volcanos  was  in  1694  and  in  1811,  when  they  occurred  within  a  month 
of  each  other ;  and  that  on  eight  several  occasions  an  interval  of  less  than  half  a 
year  elapsed  between  them :  viz.  that  of  Vesuvius  Dec.  2,  1754,  was  followed  by 
one  of  Etna  on  March  2, 1755 ;  Vesuvius  August  3, 1779,  by  Etna  May  18, 1780; 
Vesuvius  October  31,  by  Etna  July  28, 1787;  Etna  June  1798,  by  Vesuvius  Fe- 
bruary 1799 ;  again  followed  by  one  of  Etna  in  June,  same  year;  Etna  March  27» 
1809,  by  Vesuvius  December  10, 1809 ;  Vesuvius  October  12,  1811,  by  Etna  Oc- 
tober 25, 1811 ;  again  followed  by  Vesuvius  Decetnber  31,  same  year;  Vesuvius 
May  27, 1819,  by  Etna  November  25,  same  year. 

The  above-mentioned  coincidences  do  not  appear  to  me 
sufficiently  numerous  to  warrant  the  inference,  that  a  con- 
nexion subsists  between  these  two  igneous  vents ;  nor  does 
such  an  idea  tally  with  the  views  of  Von  Buch,  who  regards 
both  Etna  and  Vesuvius  as  central  vokanos,  that  is,  as  points 
of  greatest  intensity,  from  which  the  igneous  energy  radiates 
in  all  directions,  as  from  a  centre. 

It  seems  to  me  more  probable,  that  whilst  volcanic  forces 

u  2 
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have  becD,  or  are  in  operation  on  either  side  of  the  Apcnnine 
chain,  from  the  north  of  Italy  to  its  very  southern  extremity, 
aDd  to  the  island  of  Sicily  beyond,  there  are  certain  transverse 
lines  along  which  these  forces  manifest  themselves  in  their 
greatest  intensity,  either  by  their  actual  phienomena,  or  by 
their  past  effects.  Such  is  the  line  from  Ischia  to  Vesuvius, 
the  lake  Amsanctus  and  Mount  Vultur ;  that  perhaps  extend- 
ing from  Latium  to  the  Tremite  Islands,  which  are  stated  to 
be  volcanic  ;  and  lastly,  the  one  running  from  Mount  Etna 
to  the  hot  springs  of  Sciacca,  thence  intersecting  the  new 
island  thrown  up  in  1S3I,  and  terminating  in  Pantellaria. 

Pantellaria. 

Of  this  last  island  Hoffman  has  presented  us  with  a  short 
account.  It  is  situated  at  a  distance  of  sixty  miles  to  the 
south-west  of  Sciacca,  the  new  island  thrown  up  in  1831 
being  about  midway  between  it  and  the  coast  of  Sicily. 

He  distinguishes  three  kinds  of  volcanic  products :  the  first 
a  peculiar  kind  of  felspar  with  a  greenish  colour  and  slaty 
cleavage,  which  he  calls  chloric  Ia*a ;  crystals  of  glassy  fel- 
spar, and  of  a  black  needle-shaped  mineral  which  resembles 
hornblende,  are  disseminated  through  this  basis. 

The  second  kind  of  igneous  rock  is  of  a  glassy  character 
like  that  found  in  Lipari,  consisting  either  of  pumice  in  such 
vast  heaps  as  to  form  a  hill  2000  feet  high,  or  of  obsidian, 
which  in  some  places  constitutes  lava-streama.  Steam  issues 
from  many  parts  of  this  mountain,  and  several  hot  springs 
gush  out  from  it,  which  form  together  a  little  lake  6000  feet 
in  circumference. 

The  third  kind  of  volcanic  product  met  with  consists  of 
lava-streams  similar  to  those  of  Mount  Etna,  and  therefore 
altogether  different  from  the  pumiceous  products  before  men- 
tioned. They  consequently  appear  to  belong  to  a  more  recent 
period,  although  no  record  exists  as  to  any  eruptions  occur- 
ring in  the  island. 

There  appear  to  be  the  remnants  of  an  ancient  crater  of 
elevation  encirchng  a  space  of  1 2  miles,  and  composed  of 
beds  of  the  trachytic  lava  and  of  the  pumiceous  conglomerate 
above  described. 
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CHAPTER  XVI. 

SARDINIA— SPAIN— PORTUGAL. 

Sardinia — modern  volcanic  rocks — consisting  of  trachyte— obsidian,  &c. 
— Spain — its  stmcture  compared  with  that  of  Mexico— volcanic  rocks — 
in  Catalonia — near  Carthagena — Cape  de  Gaieta. — The  Colobretes. — 
Portugal— basaltic  rocks  near  Lisbon. — Indications  of  volcanos  in  the 
Sierra  l'£strella — Cape  St,  Vincent,  &c. 

Before  proceeding  to  a  description  of  other  active  volcanos 
existing  in  the  same  quarter  of  the  globe,  it  may  be  more  con- 
venient to  point  out  those  evidences  of  former  igneous  action 
not  abready  described,  which  have  been  recognised  in  parts  of 
Europe  situated  within  the  confines  of  the  Mediterranean. 

First  then  I  may  remark,  that,  according  to  the  researches 
of  M.  de  la  Marmora,  the  island  of  Sardinia  exhibits  evi- 
dent traces  of  volcanic  eruptions,  both  of  an  ancient  and  a 
modem  date,  though  not  comprised  within  the  limits  either  of 
history  or  tradition. 

It  may  be  collected  from  his  statement,  that  the  volcanos 
occur  in  almost  every  case  in  groups  of  greater  or  less  extent, 
and  that  they  in  general  repose  on  rocks  belonging  to  the 
most  recent  order  of  formations.  Parts  of  these  products  are 
of  a  date  posterior  to  the  excavation  of  the  valleys,  but  others 
are  distinctly  recognised  as  anterior  to  them.  Thus,  in  the 
south  of  the  island,  between  the  village  of  Nurri  and  the  plain 
called  Campidano,  the  calcareous  rocks  of  the  country  are 
capped  by  a  platform  of  well-characterized  lava,  which  follows 
the  general  inclination  of  the  country  from  east  to  west. 

The  name  given  to  these  platforms  is  Giarra,  and  there  are 
several  of  them,  such  as  the  Giarra  de  Send,  de  Oestori,  &c. 

The  inclination  of  the  beds,  the  direction  of  the  cells,  and 
the  abundance  of  the  lava  which  is  found  alike  on  the  sum- 
mits of  all  the  calcareous  and  marly  hills  of  this  neighbour- 
hood, lead  to  the  belief  that  their  origin  is  in  all  cases  the 
same,  or  that  they  belong,  to  speak  more  correctly,  to  one 
and  the  same  current  that  proceeded  from  a  crater  near  Nurri, 
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at  an  epoch  antecedent  to  the  period  at  which  the  valleys 
were  excavated. 

The  craters  are  in  great  measure  eflaccd,  and  it  is  only  with 
hesitation  that  our  author  admits  that  there  exist  traces  of 
anj.  In  his  search  he  was  directed  rather  by  the  shape  and 
direction  of  the  cells  found  in  the  lavas,  than  by  the  actual 
form  of  the  masses  themselvcH. 

Among  the  volcanic  formations  of  this  island,  the  predo- 
minant rock  is  a  fclspathic  (petro-ailiceuse)  porphyry.  It  con- 
Ktitutes  two-thirds  of  the  hthoide  lavas  of  the  country.  It 
occurs  in  great  masses  on  the  two  islands  already  cited ; 
among  the  mountains  of  Ales,  Bortigah,  and  the  environs  of 
Macomcr ;  forms  a  large  portion  of  tbe  mountains  called 
Villa  Nuova,  Monte  Leone,  and  Bosa ;  and  is  found  at  last 
at  Ploaghe,  near  Osilo  and  Castel  Sardo,  where  it  passes  into 
obsidian. 

The  most  remarkable  variety  which  this  porphyry  presents 
is  a  rock  of  a  prismatic  form  with  a  fine  rosy  hue,  often  ra- 
mified with  dendrites.  It  has  been  obaer\ed  in  the  islands  of 
St.  Pietro,  St.  Anttoco,  and  Isola  Prima,  and  affords  the  only 
instance  of  a  prismatic  structure  present  amongst  the  rocks  of 
this  quarter.  Those  portions  which  are  jireservcd  from  the 
action  of  air  and  light  retain  a  very  bright  colour,  the  lustre 
of  which  is  relieved  by  fine  ramifications  of  veiy  large  and 
varied  dendrites. 

The  island  of  St.  Antioco  is  also  Tery  rich  in  pearlstone, 
which  constitutes  part  of  a  species  of  conglomerate  or  breccia, 
inclosing  likewise  other  substances,  this  pearlstone  seeming 
to  have  been  rolled,  and  occurring  in  masses  from  the  size  of 
a  nut  to  that  of  twice  or  thrice  a  man's  head.  It  is  always 
accompanied  with  puzzolana.  Obsidian  with  a  conchoidal 
fracture  occurs  in  the  island  of  St.  Peter's,  on  the  summit  of 
Trebina,  near  Ales,  &c.,  but  true  pumice  has  not  been  met 
with. 

Bed  jasper  abounds,  especially  in  the  Isle  of  St.  Peter, 
and  in  the  volcanic  rocks  of  Alghero,  £teri,  and  Bosa,  and 
basaltic  lavas,  often  scoriform,  form  the  greatest  part  of  Monte 
St.  Lussurgio  and  of  Caglieri.  On  the  eastern  flank  of  the 
former  mountain  we  observe  the  lava  that  flowed  from  its 
extinct  crater. 


SPANISH  PENINSULA,  295 

Spanish  Peninsula. 

The  physical  structure  of  Old  and  of  New  Spain,  no  less 
than  their  political  condition,  so  far  as  the  latter  has  been  in- 
fluenced by  that  circumstance,  presents,  along  with  many  dif- 
ferences, some  striking  and  somewhat  unexpected  analogies. 

Both  countries  appear  to  have  been  raised  above  the  level 
of  the  sea  at  a  period  comparatively  recent,  and  in  such  a 
manner  as  to  constitute  a  table-land  of  considerable  elevation 
and  of  wide  extent,  equidistant  from  two  seas.  Both  conse- 
quently enjoy  a  climate  considerably  cooler  than  would  be 
expected  to  belong  to  them  considering  their  respective  lati- 
tudes, and  possess  a  vegetation  more  analogous  to  that  of 
countries  situated  to  their  north,  than  of  those  in  the  same 
parallel  of  latitude. 

Both  too  are  remarkable  for  their  mineral  wealth;  Old 
Spain  having  occupied  in  this  respect  during  the  period  of 
the  Roman  dominion  the  same  place  which  New  Spain  has 
done  in  modem  times ;  and  now  that  it  is  thrown  upon  its 
own  resources  by  the  loss  of  its  colonies,  beginning  to  re- 
sume in  this  respect  its  former  position  as  a  mining  country. 

But  if  we  inquire  more  particularly  into  the  mineral  struc- 
ture of  the  two  regions,  nothing  can  present  more  striking 
contrasts.  Whilst  the  table-land  of  Mexico  consists,  as  we 
shall  afterwards  find,  of  trachyte  and  other  rocks  of  igneous 
origin,  and  is  surrounded  by  volcanos  still  in  activity,  that 
of  Old  Castile  is  a  nearly  level  plain,  consisting  either  of  ter- 
tiary rocks  of  very  recent  origin,  or  of  pebbles  derived  firom 
the  detritus  of  older  formations ;  whilst  the  only  vestiges  of 
the  igneous  action  which  may  be  supposed  to  have  upheaved 
this  continent  are  seen  at  a  great  distance  off,  near  either 
coast,  as  near  the  Pyrenees  in  Catalonia,  and  more  south- 
wards in  the  neighbourhood  of  Murcia  and  Alicant  on  the 
eastern,  and  in  a  few  parts  of  Portugal  on  the  western  side  of 
the  Peninsula.  I  propose  to  give  a  short  account  of  these,  be- 
ginning with  the  volcanic  phienomena  observed  in  Catalonia. 

Volcanic  Rocks  of  Catalonia. 

Dr.  Maclure,  the  American  geologist,  appears  to  have  been 
the  first  person  to  describe  this  volcanic  district ;  but  a  more 
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accurate  and  compkte  account  of  it  has  since  beea  given  by 
Mr.  Lyell*. 

The  whole  extent  of  country  occupied  by  volcanic  products 
in  Catalonia,  is  not  more  than  fifteen  miles  from  north  to 
south,  and  about  six  from  east  to  west.  The  vents  of  erup- 
tion range  entirely  within  a  narrow  hand  running  north  and 
soutli,  and  the  branches  extending  eastward  of  this  line  are 
formed  simply  of  two  lava-streams,  those  of  Castell-FoUet  and 
Celient.  About  fourteen  distinct  cones  with  craters  exist  along 
this  line,  the  most  perfect  being  situated  in  the  aeighbourhood 
of  the  town  of  Olot,  The  level  plain  upon  which  the  latter 
is  built  has  been  produced  by  the  flowing  down  of  many  lava- 
streams  from  the  hills  above  into  a  valley  which  they  have  flUed 
up  to  a  considerable  height.  The  river  Fluvia,  which  passes 
near  the  town,  has  cut  through  these  lavas  to  the  depth  of  forty 
feet,  exposing  two  distinct  lava-currents  of  a  basaltic  cha- 
racter, separated  one  from  the  other  by  a  horizontal  bed  of 
acorise  eight  feet  thick. 

In  other  places  however  the  lava  has  been  excavated  to  a 
much  greater  depth.  Thus  in  the  bottom  of  a  valley,  in  which 
a  stream  ran  with  great  velocity  owing  to  the  slope  of  the 
ground,  the  amount  of  excavation  is  uo  less  than  100  feet. 
The  laia-st reams  rest  upon  the  gravel  of  the  country,  and 
follow  the  slope  of  the  existing  valleys,  nor  is  there  anything 
in  the  appearance  of  the  rocks  themselves  or  of  the  craters, 
to  distinguish  the  volcanos  from  whence  they  originated  from 
those  of  the  present  day.  The  former  consist  of  red  scorii£ 
as  fresh  as  if  they  had  been  erupted  yesterday,  the  latter  are 
often  as  perfect  as  those  of  Etna  or  Vesuvius.  They  belong 
therefore  to  the  class  of  modern,  although  no  records  exist 
of  any  eruption  from  them.  Earthquakes  indeed  occur,  as 
in  1421,  when  the  whole  of  the  town  of  Olot  was  thrown 
down,  but  it  does  not  appear  that  the  shock  was  accompanied 
by  any  volcanic  eruption. 

The  rocks  from  which  the  volcanos  have  been  erupted  be- 
long to  the  new  red  sandstone  with  salt,  of  which  the  neigh- 
bouring mountain  of  Cardona  affords  so  remarkable  an  ex- 
ample, and  hkewise  to  the  nummulitic  limestone,  probably 
of  the  age  of  our  chalk. 

•  Principles  of  Geology,  vol.  iii.  p.  185. 
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It  is  remarkable^  that  whilst  the  volcanic  district  above 
described  lies  almost  exactly  in  the  latitude  of  Naples^  the 
other  vestiges  of  igneous  action  which  Spain  affords^  occurring 
as  they  do  in  Murcia^  are  placed  nearly  parallel  to  Mount 
Etna. 

Almazarron  near  Carthagena  bears  the  strongest  marks  of 
having  been  the  scene  of  volcanic  action*.  Here  masses  of 
trachyte  and  of  volcanic  conglomerate  form  a  bold  cerro  of 
considerable  height;  and  the  curious  aluminiferous  rock  of 
St.  Christobal,  which  has  been  wrought  for  many  ages^  is  de- 
rived from  the  decomposition  of  the  former.  These  are  asso- 
ciated with  a  porphyritic  rock  of  a  blood-red  colour,  with 
primary  slates,  and  with  a  recent  marine  formation  lying 
inland  of  it. 

To  the  west  is  a  vast  mass  of  trachyte  followed  by  more 
recent  beds,  and  interrupted  by  a  bold  and  lofty  chain  of 
primary  rocks,  called  the  Lomo  di  Vaca  {cow* 8  back).  It 
may  be  remarked,  that  in  this  district  occurred  in  1829  an 
earthquake  which  did  great  damage  in  Murcia.  Carthagena 
was  in  part  demolished,  and  many  neighbouring  towns  suffered 
severely,  but  the  centre  of  the  shock  was  near  Orihuela.  The 
town  of  Torre  Viejo  was  entirely  destroyed  with  a  great  loss 
of  life,  and  the  course  of  the  river  Sigura  was  said  to  have 
been  changed. 

Further  south  from  the  promontory  of  Capo  di  Oaieta,  a 
great  trachytic  formation  extends  upwards  along  the  coast  to 
within  a  league  of  Carboneras. 

I  am  not  acquainted  with  any  description  of  this  district, 
except  a  short  one  contained  in  the  second  volume  of  the 
'  Anales  de  Minas,^  published  at  Madrid. 

From  this  it  appears,  that  felspathic  trachyte  of  great  com- 
pactness and  prismatic  structure  forms  most  of  the  high 
ground  overlooking  the  coast.  It  is  covered  however  by  a 
rock  containing  augite  and  crystals  of  olivine,  and  in  one 
«pot,  called  Lie  Morron  de  los  Oenoveses,  is  a  little  hillock 
only  100  yards  in  height,  washed  by  the  sea  except  in  one 
part,  which  is  covered  with  pumice  and  tuff  containing  glassy 
lavas  imbedded,  and  having  a  regular  crater  on  its  summit. 

*  See  Captain  Cook's  (Widdrington's)  Sketches  in  Spain,  p.  323. 


From  this  crater  a  iava-current  of  a  semivitreous  cellular 
aspect  has  descended,  and  has  moulded  itself  upon  the  sur- 
face of  the  subjacent  basaltic  rocks. 

In  another  part  these  volcanic  rocks  appear  to  be  covered 
by  a  bed  of  Pectens,  OstreEC,  and  Madrepores,  upon  which 
again  rests  a  truchytic  or  basaltic  breccia. 

Besides  this  series  of  volcanic  rocks  in  the  direction  of  the 
coast,  there  appears  to  be  at  a  distance  ot  about  five  leagues 
inland,  and  separated  from  the  above  by  a  chain  of  primary 
hills  called  the  Sierra  Cabrera,  another  little  chain  of  low 
hills  also  volcanic,  from  one  of  which,  the  hill  of  the  Sanc- 
tuary of  the  Virgin  of  the  Cabeza,  a  current  of  lava  has  pro- 
ceeded from  an  evident  volcanic  crater. 

Such  then  are  the  volcanic  appearances  hitherto  recognised 
on  the  eastern  flank  of  the  Peninsula ;  but  I  must  not  forget 
to  notice  the  rocks  called  the  Columbretcs  *,  situated  near 
the  Spanish  coast,  about  thirty-five  miles  to  the  eastward 
of  the  limestone  range  which  separates  the  alluvia!  plains  of 
Valencia  and  Tortosa.  From  the  chart  given  by  Captain 
Smyth,  it  woidd  appear  that  the  larger  island  exhibits  all  the 
indications  of  being  a  volcanic  crater,  broken  away  on  its 
eastern  side,  and  the  rock  of  which  it  consists  is  of  trachyte, 
covered  by  ejections  of  scoriaa,  obsidianj  and  lavas  of  various 
kinds.  It  would  probably  be  regarded  by  Von  Buch  as  a 
crater  of  elevation,  like  Santorino  hereafter  to  be  described. 
Another  of  the  rocks  consists  of  clinkstone,  and  all  the  rest 
are  volcanic.  Captain  Smyth  regards  the  larger  island,  from 
the  analogy  of  the  name  Columbretcs,  as  the  OpMitsa  of  the 
ancients. 

Let  us  now  proceed  to  point  out  briefly,  what  has  been 
discovered  with  reference  to  the  subject-matter  of  this  volume 
on  the  western  side  of  the  Peninsula. 

The  notoriety  which  the  great  earthquake  of  Lisbon  in 
1755  has  obtained  is  calculated  to  create  a  general  expecta- 
tion, that  many  traces  of  volcanos  would  be  found  in  the  im- 
mediate neighbourhood  of  that  city.  But  it  appears,  by  the 
most  recent  and  authentic  account  of  the  geological  stnic- 

*  See  Ca|itaia  Smyth's  account  uf  them  in  vol.  I.  of  the  '  Geographical 
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ture  of  that  locality  which  has  come  to  my  knowledge*,  that 
although  an  immense  sheet  of  basalt  extends  from  Santa 
Catherina  on  the  Tagus  to  Bucellas,  a  distance  of  nearly 
twenty  miles,  and  although  many  of  the  hills  around  Oeiras, 
near  the  mouth  of  the  Tagus,  are  capped  by  masses  of  the 
same  rock,  still,  that  the  whole  of  it  was  thrown  up  before 
the  deposition  of  the  oldest  of  the  tertiary  formations,  and 
consequently,  as  indeed  its  own  texture  would  indicate,  is 
isubmarine. 

The  liability  to  earthquakes  therefore,  to  which  Lisbon  ap- 
pears subject,  would  seem  to  arise  from  the  want  of  a  voU 
canic  vent,  and  the  frequency  of  thermal  waters  throughout 
most  parts  of  Portugal  would  favour  the  idea,  that  volcanic 
action  may  be  going  on  in  many  other  parts  of  this  country 
in  a  more  subdued  manner. 

Dolomieu  notices  in  the  province  of  Beira  a  mountain 
called  Sierra  de  PEstrella,  the  Mons  Herminius  of  the  an- 
cients, which  he  says  is  very  lofty,  possesses  a  conical  form, 
and  emits  a  hollow  sound  when  trod  upon,  as  if  it  contained 
caverns.  He  states,  that  there  is  a  large  excavation  on  its 
summit,  having  at  its  bottom  a  lake  through  which  bubbles  of 
air  rise,  and  that  at  its  base  are  columns  of  basalt.  Whether 
from  this  rather  vague  statement  we  are  to  infer  the  existence 
of  an  extinct  volcano  in  the  above  locality,  must  be  left  for 
future  observations. 

iPhdtbrun  mentions,  that  the  small  chain  which  separates 
Portugal  from  the  Spanish  province  of  Algarve,  and  terminates 
in  Cape  St.  Vincent,  is  divided  into  two  ranges,  the  eastern 
called  Sierra  Calderona,  the  western  Sierra  di  Monchiqua. 
On  the  eastern  range  lava  and  other  substances  of  the  same 
sort  appear,  so  that  the  name  of  Sierra  Calderona,  or  Caldron 
Mountains,  is  not  inapplicable  to  the  volcanic  products  here 
exhibited,  for  the  craters  still  retain  their  forms  and  the  cha^ 
racters  that  mark  their  origin.  Cape  St.  Vincent  is,  I  believe, 
volcanic. 

*  That  published  in  the  '  Geological  Transactions'  (vol.  vi.  new  series) 
by  Mr.  Sharpe. 


F 


CHAPTER  XVII. 
VOLCANOS  OF  ICELAND. 


Other  incllcatioiu  of  voIchdic  acti'iD  on  tbe  coofines  of  the  Atlantic  Ocean 
in  parts  appertain iog  to  Europe  ^  Ireland — Scotland — Hebrides — Faroe. 
Iceland.— The  latter  islaad  particularly  described — its  general  strnc- 
ture — direction  of  its  active  vents — classification  of  Its  volcanic  pro- 
ducts— carernoUB  lava, — Active  volcanos — their  number  and  position  in 
the  south  of  the  island.— Eruption  of  1785— 1846.— Volcano*  in  the 
north. — Character  of  the  Iceland  lavas. —  Sulphur  mountains.— Geyser 
springs — their  constituents — their  high  temperature. — Minerals  of  Ice- 
land.— SurCorbrand.     Island  of  Jan  Mayen. 

In  the  preceding  chapters,  the  volcanic  phEenomena  which 
were  brought  before  the  notice  of  my  readers  existed  for  the 
most  part  in  countries  which  had  been  visited  by  the  author ; 
BO  that  although  a  large  proportion  of  the  facts  related  do  not 
claim  to  be  the  result  of  original  observation,  yet  it  has  at 
leaat  been  in  my  power  in  most  cases  to  appreciate  the  value 
of  the  information,  in  consequence  of  having  compared  it  with 
my  own  recoHcctiona  of  the  region  referred  to. 

In  the  remaining  portions  of  my  work  I  shall  not  have  the 
same  advantages,  and  accordingly,  if  the  descriptions  intro- 
duced are  able  to  put  forth,  with  any  kind  of  justice,  higher 
pretensions  than  those  belonging  to  a  mere  compilation,  they 
must  derive  them  from  that  general  familiarity  with  the  sub- 
ject, which  may  have  enabled  the  author  to  select  from  the 
mass  of  materials  before  him  the  parts  best  calculated  to  en- 
lighten us  with  regard  to  the  real  nature  of  the  operations 
from  which  they  arise,  and  not  from  any  personal  acquaint- 
ance possessed  by  him  with  the  localities  themselves. 

In  pointing  out  then  the  parts  of  Europe  in  which  volcanic 
products  exist,  not  yet  brought  before  our  notice,  there  will 
be  a  natural  propriety  in  alluding  first  to  those  placed  within 
the  verge  of  that  Ocean,  the  confines  of  which,  in  treating  of 
Portugal,  we  had  already  reached;  for  although  Ireland,  the 
Hebrides,  the  Faroe  Islands,  and  Iceland,  are  now  separated 
one  from  the  other,  as  well  as  from  the  Iberian  Peninsula,  by 


GREAT  BRITAIN  AND  IRELAND.  •  301 

vast  tracts  of  sea^  still  the  late  researches  of  Professor  Edward 
Forbes*  have  rendered  it  probable,  that  they  were  once  con- 
nected by  a  continuous  tract  of  land,  ranging  from  the  Azores^ 
along  the  line  of  that  belt  of  Gulf-weed  which  exists  between 
the  fifteenth  and  forty-fifth  degrees  of  north  latitude. 

It  is  not  my  purpose  however  to  treat  of  the  geological 
structure  of  any  portion  either  of  Great  Britain  or  of  Ireland, 
first,  because  the  details  are  already  before  the  world  in 
treatises  readily  accessible  to  the  English  public  t,  and 
secondly,  because  the  volcanic  products  seem  in  these  regions 
mostly  submarine,  and  are  apparently  in  no  cases  of  more 
modern  date  than  the  age  of  the  chalk. 

In  accordance  indeed  with  this  great  antiquity,  and  with 
the  almost  total  cessation  of  volcanic  action  in  the  country 
subsequently  (unless  indeed  the  slight  earthquake-shocks  per- 
ceived at  Cumrie  be  allowed  to  establish  the  contrary),  we 
observe  throughout  these  districts  an  entire  absence  of  ther- 
mal springs,  as  well  as  of  those  other  minor  exhibitions  of 
igneous  action,  which  occur  in  most  other  localities,  where 
equally  wide-spreading  manifestations  of  the  same  forces  have 
taken  place. 

It  is  true  that  many  of  the  basalts  which  I  have  noticed  as 
occurring  in  Germany  were  similarly  circumstanced^  if  we 
may  judge  by  their  characters  and  structure,  but  then  they 
are  associated  with  other  igneous  products  more  nearly  ap- 
proaching in  these  respects  to  those  produced  under  actual 
circumstances,  and  it  would  have  been  difficult  to  have  de- 
scribed the  latter  without  introducing  some  notice  of  the  first. 

In  Ireland,  on  the  other  hand,  as  well  as  in  the  Hebrides, 
we  have  an  example  of  volcanos,  which  during  the  whole  of 
the  extended  period  of  time  embraced  within  the  tertiary 
epoch,  no  less  than  within  the  compass  of  historical  times, 
have  given  no  token  of  vitaUty — a  circumstance,  as  it  ap- 
pears to  me,  more  reconcilable  with  that  theory  which  attri- 

*  Memoirs  of  the  Geological  Survey  of  Great  Britain,  vol.  i. 

f  Maccnlioch's  Western  Islands — Jameson's  Mineralogical  TVavels — 
Berger  on  the  Geological  Features  of  the  North-Eastern  counties  of  Ire- 
land, with  an  Introduction  and  Remarks  by  the  Rev.  W.  Conybeare — 
Descriptive  Notes  referring  to  an  outline  of  Sections  of  the  same  Coast,  by 
Messrs.  Conybeare  and  Buckiand,  &c. 
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butes  volcanic  action  to  certain  chemical  processes  taking 
place  within  the  interior  of  the  earth,  than  to  the  idea 
arising  merely  from  the  contraction  of  the  crust  upon  its 
fluid  contents,  which  latter  being  inexhaustible,  ought,  it 
should  seem,  according  to  this  hypothesis,  to  be  protruded 
periodically,  and  to  afford  a  fountain  of  igneous  matter  as 
unfailing  as  the  source  from  which  it  proceeded. 

The  same  reasons  for  omission  exist  with  respect  to  the 
Faroe  Islands  likewise,  which  consist,  as  it  would  appear,  en- 
tirely of  compact  and  aniygdaloidal  trap,  neither  of  which 
can  be  referred  to  subaerial  volcanoa*. 

The  only  rock  which  forms  an  exception  to  that  igneous 
origin  which  we  now  are  all  agreed  to  ascribe  to  basaltic 
rocks,  is  the  coal  of  the  island  of  Suderue,  which,  like  that 
lately  discovered  in  Kerguelen'a  Island,  and  the  vein  met  with 
at  Ballinty  on  the  coaut  of  Antrim,  is  imbedded  in  trap. 

And  with  the  idea  that  the  whole  had  been  erupted  at  the 
bottom  of  a  deep  sea  and  subsequently  upheaved,  the  only 
fact  at  variance,  seems  to  be  the  occurrence  of  an  amygdaloid 
having  its  upper  surface  filled  with  small  insulated  perpen- 
dicular cavities,  as  if  caused  by  the  escape  of  a  gaseous  fluid 
whilst  the  rock  was  in  a  soft  pasty  condition  —a  fact  analogous 
to  what  I  have  noticed  in  my  account  of  the  volcanic  rocks 
near  Frankfort  {p.  105). 

I  shall  proceed  then  to  Iceland,  where  volcanic  operations 
have  been  carried  on  on  a  more  gigantic  scale  perhaps  than 
in  any  other  part  of  Europe ;  for  although  there  be  no  one 
mountain  in  this  island  which  rivals  Mount  Etna  in  magni- 
tude and  height,  yet  evidences  of  igneous  action  penade 
a  much  larger  area  than  in  Sicily,  and  have  generated  in  the 
course  of  time  a  much  greater  amount  of  volcanic  products. 

Indeed,  whilst  the  utmost  length  of  Sicily  is  about  100 
miles  from  Messina  to  Cape  Passero,  and  its  breadth  150 
&om  Messina  to  Trapani,  Iceland  measures  at  least  240  miles 
from  its  most  northern  to  its  most  southern  point,  and  as 
much  from  east  to  west  ^  and  whilst  of  the  former  island  not 
a  tenth  of  the  surface  is  volcanic,  the  whole  of  the  latter  is 
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derived  from  igneous  operations  either  of  an  early  or  of  a 
recent  date. 

According  to  Krug  von  Nidda  *,  one  of  the  latest  geolo- 
gical travellers  who  have  visited  this  island,  the  whole  surface, 
embracing  an  area  of  1800  square  miles,  presents  only  two 
principal  rock- formations,  one  seeming  to  occupy  the  bottom 
of  that  northern  ocean  out  of  which  the  islands  of  Iceland 
and  Faroe  have  risen,  and  consisting  of  trap  rocks  of  the 
ordinary  kind ;  whilst  the  other,  which  forms  the  nucleus  of 
the  former  island,  and  may  be  regarded  as  the  principal  cause 
of  its  existence  as  an  upraised  tract  of  land,  is  trachyte,  with 
its  accompaniments  of  tu9s  and  lava  currents.  If,  as  Eoiig 
von  Nidda  thinks,  there  are  any  Neptunian  beds  in  the  island, 
they  are  at  least  so  metamorphosed  by  the  action  of  heat  as 
to  put  on  the  characters  of  an  indurated  tuff  or  obsidian. 
The  trachyte  traverses  the  island  in  a  broad  band  from  S.W. 
to  N.E.,  and  has  produced  in  the  line  of  its  elevation  an  im- 
mense fissure,  along  the  sides  of  which  the  accompanying 
traps  are  seen  to  be  upheaved. 

Accordingly  the  active  volcanos  of  Iceland  are  placed,  if 
we  believe  this  writer,  on  the  borders  of  the  above  fissure,  or 
at  the  junction  of  the  trachyte  with  the  trap. 

The  coasts  of  Iceland,  as  may  be  seen  by  the  map,  are  in- 
tersected by  deep  gulfs,  caused,  as  this  geologist  supposes,  by 
that  rupture  of  the  strata  which  was  brought  about  by  the 
elevation  of  the  trachyte  and  the  contiguous  trap.  These 
gulfs,  whidi  are  seldom  more  than  half  a  mile  in  width, 
extend  high  up  into  the  mountains  flanked  by  precipitous 
and  overhanging  cliffs. 

The  arrangement  of  the  beds  of  trap  is  always  nearly 
parallel  to  the  horizon,  but  there  is  a  slight  inclination  to- 
wards the  interior  of  the  island,  or  towards  the  supposed 
trachytic  nucleus.  This,  which  is  the  very  reverse  of  what 
might  have  been  expected,  is  explained  by  the  giving  way  of 
the  older  rock  along  the  line  of  fracture. 

Such  is  the  view  of  the  general  structure  of  Iceland  taken 
by  the  author  above-quoted;  but  a  more  recent  geologist, 
M.  Robert,  who  accompanied  the  scientific  expedition  des- 

*  Karsten's  Annalen,  vol.  ix.,  partly  translated  in  Jameson's  Joaraal  for 
April  1837. 
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patched  by  the  French  Government  to  Iceland  and  Green- 
land, under  the  direction  of  M.  Gtiimard,  disputes  the  geDerat 
occurrence  of  trachyte  throughout  the  island,  and  the  linear 
arrangement  represented  as  belonging  to  it,  maintaining  that 
in  some  instances  M.  Krug  von  Nidda  has  mistaken  for  tra- 
chyte some  other  rock,  as  at  Smiorfall,  a  lofty  mountain 
which  consists  in  reality  not  of  trachyte,  but  of  basanilea  * 
and  mimosiles  having  a  porphyritic  character. 

Be  that  lis  it  may,  there  can  be  no  doubt  that  Krug  von 
Nidda  is  correct  in  assigning  to  the  vulcanic  operations  now 
proceeding  in  Iceland  a  direction  from  N.E.  to  S.VV.,  bounded 
on  the  west  by  the  course  of  the  Huitaa,  and  extending  from 
Faxifiord  on  the  south  to  Eyafiord  on  the  north,  and  having 
for  its  eastern  boundary  Orcefa-jokull  and  the  valley  of  Langor 
Fleet  to  its  termination  in  the  sea  on  the  coast  in  the  pro 
vince  of  Mul^  Sysscl, 

Within  this  area  all  the  volcanic  action  now  going  on  in 
Iceland  is  circumscribed,  whilst  the  country  to  the  right  and 
left  of  it  consists  of  trap  rocks  indeed,  but  not  of  modem 
volcanic  products. 

We  may  therefore  revert  to  the  distinctions  laid  down 
many  years  ago  by  Sir  George  Mackenzie  as  substantially 
correct,  there  being  nothing  to  controvert  hia  views  with  re- 
spect to  the  existence  in  Iceland  of  two  classes  of  volcanic 
products,  submarine  and  terrestrial,  although  there  may  be 
reasons  for  differing  from  that  writer  as  to  the  particular 
rocks  which  he  has  assigned  to  the  one  or  to  the  other  of 
these  divisions. 

Thus,  whilst  he  refers  the  trap  rocks  which  constitute  so 
large  a  portion  of  the  surface  of  Iceland  to  eruptions  which 
had  taken  place  under  the  pressure  of  the  ocean,  he  distin- 
guishes between  the  latter  and  those  lavas  which  he  calls 
submarine,  but  which  appear  to  include  many  cellular  and 
even  vitreous  rocks,  such  as  pearlstones,  pumices,  and  even 
obsidian. 

Much  as  we  are  indebted  to  this  author  for  the  clear  views 
he  had  the  merit  at  this  early  period  of  promulgating  with 

■  Basnnite,  according  to  Cordler's  nomenclature,  is  a  raiiture  of  augite 
and  felapar,  with  diatinct  crj'Btala  of  augite  imbedded.  Mimosite  is  aJso 
a  mixture  of  felspar,  augite  and  titaaifernua  iron,  with  a  granitic  at 
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respect  to  the  effects  of  pressure  in  modifying  the  condition 
of  igneous  products^  we  are  left  by  him  much  in  the  dark  as 
to  the  application  of  his  principles  to  the  particular  rocks  of 
Iceland. 

Thus  he  mentions  a  curious  description  of  lava^  which,  he 
says,  constitutes  an  extensive  stratum  spreading  over  the 
surface  of  a  level  plain  at  the  foot  of  Hecla,  and  presenting  a 
succession  of  large  bubbles  or  blisters,  varying  from  a  few 
feet  to  forty  or  fifty  in  diameter.  It  also  contains  numerous 
little  craters,  from  which  flames  and  scoriae  had  issued,  but 
no  lava.  These  craters  are  oflen  partially  covered  in  by 
domes  of  the  same  material,  as  though  the  whole  rock  had 
been  first  soflened  by  the  operation  of  heat,  and  portions  of 
it  had  then  been  made  to  swell  outwards  by  the  extrication 
of  elastic  vapours. 

Our  author  has  chosen  to  distinguish  this  variety  by  the 
name  of  cavemoiM  lava,  and  supposes  it  to  belong  to  the  class 
of  submarine  products,  as  it  dips  under  the  sea,  and  is  in 
many  cases  covered  with  alluvial  sand. 

The  cellular  character  of  the  surface  does  not  seem  in  ac- 
cordance with  this  supposition ;  and  although  the  compact 
and  columnar  structure  of  its  internal  portions  may  appear  to 
favour  it,  yet  it  must  be  recollected  that  thick  beds  of  lava 
which  have  flowed  in  the  open  air  frequently  assume  these 
characters  below  a  certain  depth,  and  that  the  cavernous  bed 
alluded  to  was  ascertained  by  Sir  George  Mackenzie  to  ex- 
tend to  a  distance  of  at  least  eighty  or  ninety  feet  beneath  the 
surface. 

It  seems  more  probable  therefore  that  it  was  one  of  those 
ancient  currents  which  may  have  been  poured  forth  from 
some  orifice  in  the  midst  of  a  level  plain,  and  have  spread 
over  its  surface  in  all  directions  so  as  to  form  one  wide  and 
continuous  flood  of  lava. 

Its  continuation  under  the  sea  would  not  be  at  variance 
with  this  idea,  unless  it  can  be  traced  into  very  deep  water ; 
nor  do  we  know  enough  of  the  nature  of  the  alluvial  deposit 
superimposed  to  be  able  to  draw  any  safe  deductions  from  its 
presence. 

I  shall  have  to  recur  to  the  same  kind  of  phsenomenon 
when  the  island  of  Lancerote  comes  under  our  consideration 
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Iceland  then  exhibits  proofs,  not  only  of  submarine  erup- 
tions, in  the  masses  of  green&tone,  basalt,  and  clinkstone 
which  are  widely  distributed,  but  also  of  igneous  action, 
which,  though  not  traceable  to  any  volcanos  now  in  activity, 
was  produced  cither  in  the  open  air,  or  at  least  under  shallow 
water.  Such  are  the  pumices,  obsidians,  and  tuffs  which  are 
BO  abundant,  as  well  as  the  cavernous  lava  above  described. 

But  independently  of  these,  we  observe  throughout  this 
island  indications  of  volcanic  action  under  several  of  its  d.f- 
ferent  forms,  proceeding  with  the  greatest  energy  at  tlie 
present  day. 

Iceland  numbers  no  less  than  twenty  active  volcanos,  if  we 
allow  ourselves  to  consider  in  that  light  all  those  mountains, 
from  which  eruptions  of  lava  or  scoria;  have  emanated,  at  one 
time  or  otlier  since  it  was  first  colonized  in  the  ninth  century 
after  Christ. 

Of  these  however  eleven  have  had  but  one  eruption,  and 
amongst  these  four  only  occurred  within  the  last  century ; 
whilst  of  the  remaining  nine,  Myrdalls-jokul!,  Skaptar-jiikull, 
Sandfells-jokuU,  Skeidarar-jiikull,  Reykianes,  IJecla  and 
Krabla  alone  would  appear  to  be  active  at  present ;  Trolla- 
dyngia  having  had  no  eruption  since  1 510  ;  Oi-oefa-jokuU  none 
since  1362 ;  and  others  having  been  for  a  nearly  equal  time 
in  a  state  of  quiescence. 

It  is  evident  that  those  regarded  as  active  are  only  different 
vents  for  the  same  eruptive  force,  which  manifests  itself  in  the 
south  of  the  island  chiefly  at  Hecla,  Eyafiall  and  Kottlugia ; 
in  the  north  at  Krabla,  Ley r-knukur,  and  Triilladyngia ;  and 
in  the  east  at  Oroefa-jbkull. 

Hecla  indeed  has  been  in  a  state  of  eruption  no  less  than 
twenty-two  times  from  the  earliest  recorded  date,  1004  or 
1005,  to  1772,  to  which  we  must  add  an  eruption  in  1845, 
which  appears  to  have  done  much  damage. 

The  height  of  this  mountain  above  the  level  of  the  sea  is 
estimated  at  4795  Paris  feet.  It  is  covered  with  obsidian, 
which  is  sometimes  resinous,  or  passes  into  pitchstone,  and 
sometimes  into  pumice.  Mackenzie  observed  a  stream  of 
lava  derived  from  this  mountain  which  consisted  wholly  of 
obsidian. 

Eyafialla-jokuU  was  in  a  state  of  eruption  in  1822.     It  is 
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covered  with  eternal  snow^  and  reaches  a  height  of  5500 
feet. 

Oroefa-jokull^  in  the  east  of  the  island^  is  somewhat  more 
elevated^  and  may  be  set  down  as  the  loftiest  point  in  the 
island. 

The  most  formidable  eruption  that  has  taken  place  in 
modem  times  was  in  the  year  1733,  when  Skaptar-jokull 
for  the  first  time  since  the  memory  of  man  poured  forth  two 
large  streams  of  lava.  Previously  to  this  occurrence  flames 
had  burst  forth  from  the  sea  at  a  distance  of  five  German 
miles  fi*om  Cape  Reykianes,  and  a  new  island  had  risen  to  the 
surface,  which  however  within  a  year  afterwards  disappeared. 
It  is  stated  that  at  one  place  there  was  more  than  100  fathoms 
of  water,  half  a  mile  firom  the  island.  About  the  same  time 
a  submarine  eruption  took  place  seventy  miles  from  the  same 
cape,  which  is  said  to  have  thrown  up  pumice  enough  to  cover 
the  sea  for  a  space  of  150  miles  round. 

It  is  also  stated  that  a  new  island  appeared  opposite  Hecla 
in  the  year  1563*;  but  as  to  this  latter  fact,  there  are  some 
doubts.  A  great  eruption  of  Mount  Hecla,  of  which  how- 
ever no  authentic  accounts  appear  to  have  reached  this 
country,  took  place  in  the  year  1845,  one  consequence  of 
which  was  of  the  same  kind  as  that  which  resulted  fi*om  the 
one  just  noticed  as  occurring  in  1 783,  namely  the  destruction 
of  numbers  of  cattle  owing  to  the  deleterious  effects  arising 
firom  the  quantity  of  volcanic  dust  and  scoriae  t^  which  covered 
the  face  of  the  country,  and  mixed  both  with  the  herbage  and 
the  water  of  the  ponds  and  streams.  In  the  last  instance  the 
cattle  are  said  to  have  sufiered  firom  an  exostosis  of  the  extre- 
mities ;  but  in  the  former  it  seems  more  probable  that  defi- 
cient nourishment,  arising  firom  the  cause  assigned,  brought 
with  it  a  train  of  disorders  of  a  different  kind.  Indeed,  not 
only  had  the  food  become  indigestible  by  its  admixture  with 

*  Raspe  de  Novis  Insulis,  p.  126. 

f  On  the  2nd  September  1845,  the  day  of  the  eruption  of  Hecla,  a  Danish 
vessel  near  the  Orkney  Islands,  at  a  distance  of  1 15  Danish  miles  (about 
600  English)  from  the  volcano,  was  covered  with  ashes,  which,  when  ex- 
amined by  a  microscope,  was  found  to  resemble  pumice,  but  was  inter- 
mixed with  organic  bodies,  as  was  the  case  with  that  which  fell  on  Iceland 
itself.     Ehrenberg  discovered  in  both  cases  infusoria. 
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a  material  of  30  harsh  and  IrritatiDg  a  quality,  but  the  teeth  of 
the  cattle  are  stated  to  have  been  worn  away,  and  their  power 
of  browsing  upon  the  herbage  consequently  impaired. 

When  it  is  mentioned,  that  in  1 7B3  the  atmosphere  through- 
out the  whole  of  the  island  was  obscured,  for  months  after  the 
eruption  had  taken  place,  by  the  enormous  quantities  of  tine 
dust  suspended  in  it,  and  that  traces  of  the  same  were  per- 
ceived even  so  far  off  aa  Holland,  we  need  not  wonder  that 
the  whole  face  of  the  country  in  the  neighbourhood  of  the 
volcano  should  be  bo  covered  with  the  same,  as  to  be  no  less 
injurious  to  vegetation  than  pernicious  to  animal  life. 

Since  the  eruption  of  1845,  the  island  has  been  visited  by 
several  French  and  German  geologists. 

One  of  these,  M.  Descloizeaux,  who  was  in  company  with 
Professor  Buusen  of  Marburg,  mentions  a  change  in  the 
height  of  the  mountain,  indicating  a  falling-in  of  a  portion  of 
the  summit.  From  his  measurements,  it  would  appear  that 
the  height  of  the  loftiest  part  of  the  cone  is  not  less  than  500 
feet  less  than  it  was  in  the  time  of  Sir  G.  Mackenzie ;  and 
the  form  of  the  crater  has  also  changed. 

The  exterior  part  of  the  present  cone  M.  Dcseloizeaux  de- 
scribes, as  traversed  by  fissures  containing  fumarolcs  which 
depout  sulphur;  and  as  the  bottom  of  the  crater  was  covered 
with  old  mud,  it  was  clear  that  the  eruption  of  1845  was  not 
from  the  main  crater,  but,  like  the  more  recent  ones  of  Etna, 
from  the  side  of  the  mountain. 

From  the  place  where  the  eruption  broke  forth,  to  its  ter- 
mination in  the  plain  below,  he  calculates  its  length  at  nearly 
ten  English  miles ;  its  thickness  from  forty-nine  to  eighty-two 
feet, — an  enormous  mass,  though  less  than  that  emitted  from 
Skaptar-jokull  in  1/^3.'  Th  inclination  of  the  stream  varied 
from  0°  to  25°;  but,  in  conformity  with  the  observations  of 
Dufrenoy,  it  was  found  that  the  lava-stream  was  made  up  of  a 
number  of  isolated  blocks,  the  congeries  resembling  an  im- 
mense ribbon,  at  the  edges  of  which  is  a  talus  highly  inclined, 
and  the  interiormuch-fissured". 

Whilst  the  volcanos  in  the  south  of  the  island  have  shown 

signs  of  vitality  from  the  earlier  times,  Krabla  in  its  northern 

extremity  Brst  became  known  as  an  active  vent  in  the  year 

•  Horner'»  Addrets  for  1847. 
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1724^  since  which  period  it  has  had  four  eruptions^  one  of 
ivhich  produced  a  stream  of  lava  no  less  than  four  miles  and 
a  half  in  width,  and  nine  in  length. 

M.  Robert  nevertheless  states  that  Krabla  itself  is  nothing 
more  than  a  solfatara,  and  that  the  lava  has  always  proceeded 
from  certain  spots  in  its  neighbourhood^  or  at  its  base. 

It  must  be  remarked,  that  since  the  period  at  which  Krabla 
has  been  in  activity^  neither  Leyr-knukur  nor  TroUadyngia 
has  had  an  eruption. 

All  the  lavas  ejected  from  the  Iceland  volcanos  appear  to 
be  of  a  felspathic  character,  a  circumstance  tending  to  confirm 
King  von  Nidda's  view  of  the  internal  constitution  of  that 
range.  We  have  already  noticed  the  current  of  obsidian  at 
Hecla,  and  in  like  manner  a  large  mass  of  the  same  material 
and  of  pumice  has  been  observed  at  Krabla. 

But  the  volcanic  action  going  on  underneath  this  island  is 
indicated,  not  only  in  the  manner  already  alluded  to,  namely 
in  eruptions  of  lava  and  scoriae,  but  likewise  in  the  exhalation 
of  sulphureous  vapours,  as  in  the  mountains  of  Krisuvik  de- 
scribed by  Sir  George  Mackenzie  (p.  115). 

These  present  in  some  respects  analogies  to  the  pseudo- 
volcanic  phaenomena  of  Macaluba  in  Sicily,  and  in  others  to 
those  of  a  genuine  volcano,  in  continual  but  languid  action. 

The  rock  consists  of  alternating  beds  of  white  clay  and  sul- 
phur, from  all  parts  of  which  steam  is  given  out.  This  was 
remarkably  the  case  in  a  deep  hollow  into  which  the  author 
descended,  where  a  confused  noise  was  heard  of  boiling  and 
splashing,  joined  to  the  roaring  of  steam  escaping  from  narrow 
crevices.  At  the  bottom  of  this  hollow  was  a  caldron  of 
boiling  mud  about  fifteen  feet  in  diameter.  There  was  a  con- 
stant sublimation  of  sulphur,  which  formed  beautiful  crystals 
round  the  sides  of  the  cavity. 

It  is  stated  by  Krug  von  Nidda,  that  sulphuretted  hydro- 
gen is  the  prevailing  gas  evolved  from  these  springs,  and 
we  have  thus  an  ocular  proof  of  the  manner  in  which  sul- 
phur has  been  deposited  in  the  parallel  case  of  Sicily,  where 
the  vastness  of  the  quantity  accumulated  is  an  index  of  the 
enormous  volume  of  hydrogen  disengaged  from  the  volcano. 

At  the  other  extremity  of  the   great   longitudinal  valley 
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which  is  the  theatre  of  these  remarkable  igneous  operations^ 
near  the  volcano  of  Krabla,  and  oorth  of  the  Myvatn  Lake, 
are  sulphur  mountains  of  a  still  more  considerable  extent, 
described  by  Henderson.  The  phtenomena  they  exhibit  are 
mostly  of  the  same  character. 

The  celebrated  springs  of  Geyaer  arc,  however,  the  phe- 
nomena which  most  forcibly  arrest  the  attention  of  the  tra- 
veller in  this  country.  The  two  principal  ones  are,  the  Great 
Geyseij  and  the  Strokr  or  Strokkuss.  The  first  is  an  inter- 
mitting fountain,  which  ejects  vast  columns  of  steam  and 
water  to  a  great  height,  at  intervals  varying  from  twenty-four 
to  thirty  hours,  and  produces  smaller  discharges  of  the  same 
every  two  hours  ;  the  second  is  both  intermittent  and  perma- 
nent, producing  a  gigantic  eruption  evcrj'  two  or  three  days, 
but  being  in  the  meantime  in  a  state  of  constant  agitation  and 
boiling.  The  intermitting  character  of  these  fountains  may 
be,  in  some  measure,  imitated,  by  pouring  a  stream  of  water 
through  a  bent  tube  depressed  about  the  centre,  and  heated 
in  that  part  alone,  under  which  circumstances  the  steam  sud- 
denly generated  at  the  bottom  will  force  one  portion  of  the 
water  out  in  a  jet  from  the  opposite  extremity  to  that  at  which 
it  entered,  driving  back  at  the  same  time  the  current  of  water 
that  continued  to  flow  in.  In  this  manner  the  water  might 
be  propelled  in  jerks,  as  happens  in  the  case  of  the  Geyser 


Such  an  explanation  however  is  far  from  being  adequate  to 
account  for  the  complicated  phaenomena  of  these  fountains, 
which,  after  a  pause  of  so  many  hours,  first  threw  up  water, 
and  afterwards  vast  columns  of  steam,  to  the  height  some- 
times of  200  feet,  and  then  immediately  sunk  into  a  tempo- 
rary repose ;  neither  is  it  applicable  to  the  singular  circum- 
stance mentioned  by  Mr.  Henderson,  as  to  the  possibility  of 
bringing  on  the  explosion  at  any  given  time  by  merely  throw- 
ing large  stones  into  the  orifice.  The  latter  fact  indeed  seems 
to  prove  that  the  generation  of  steam  is  constant,  and  that 
nature  has  provided  other  vents  sufficient  to  carry  off  a  cer- 
tain portion  of  the  elastic  vapour,  unless  when  obstructed  in 
the  manner  produced  by  Mr.  Henderson,  in  which  case  its 
rapid  accumulation  gives  rise  to  an  almost  immediate  expio- 
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sion.  In  the  same  manner  we  may  explain  the  peculiarity  of 
the  Strokr ;  namely^  by  supposing  a  part  of  the  steam  gene- 
rated to  be  constantly  escaping,  whilst  another  portion  is 
arrested  in  cavities  where  it  goes  on  accumulating. 

The  presence  of  siliceous  earth  in  the  waters  of  the  Geyser 
springs  has  attracted  much  attention ;  but,  like  all  other 
natural  phsenomena,  it  turns  out,  when  investigated,  to  be  by 
no  means  an  isolated  fact,  but  to  be  common,  in  greater  or  less 
degree,  to  all  natural  springs  possessing  a  high  temperature. 
Silex,  it  is  well  known,  exists  in  two  forms,  one  of  which  is 
soluble,  the  other  insoluble  in  water.  When  liberated  from 
its  combination  with  an  alkali  or  an  earth,  which  takes  place 
when  hot  water  impregnated  with  carbonic  acid  acts  upon  a 
felspathic  mineral,  it  is  probably  in  the  former  condition,  and 
is  therefore  retained  by  the  water  in  solution  until  after  it  has 
reached  the  surface.  Its  continuance  in  this  condition  is 
assisted  probably  by  the  presence  of  free  alkali  in  the  Geyser 
water,  as  was  ascertained  by  Dr.  Faraday  in  a  sample  sent 
him  by  Mr.  Barrow,  and  indeed  had  been  announced  long 
ago  by  Dr.  Black ;  but  the  largeness  of  the  quantity  present, 
in  which  respect  the  Geyser  springs  appear  to  surpass  all 
other  known  thermal  waters,  may  be  connected  with  the  high 
temperature  which  the  water  in  them  appears  to  attain  before 
it  is  ejected. 

According  to  Monsieur  Robert,  a  thermometer  let  down  into 
the  tubular  aperture  through  which  the  water  of  the  Great 
Geyser  reaches  the  surface,  rose  at  a  depth  of  30  feet  to  219° 
of  Fahr.,  and  at  60  to  255°,  which,  if  arising  from  the  pressure 
exercised,  would  indicate  one  exceeding  two  atmospheres  and 
a  half*.  But  some  recent  researches  of  M.  Donn^  seem  to 
show  that  water  entirely  divested  of  air  may  attain  this  high 
temperature  before  it  enters  into  ebullition,  and  it  is  possible 
that  this  may  supply  us  with  the  true  explanation  of  the 

•  This  has  been  coDfirmed  by  the  more  recent  observations  of  MM. 

Descloizeaux  and  Bunsen  made  in  July  1846.     See  Comptes  Rendus. 

Great  Geyser — depth  of  canal  22  metres ;  temp,  of  the  bottom  from 

122®-5  to  127°'5  cent. 
Metres. 
9*50  above  the  bottom   121*^-1 

1475         „         „  from  106°-4  to  110^0 

19-65         „         „  „        84°-7  to     85°-2 

Strokkup"  -'.  che  bottom,  depth  13*55  metres  ;  temp.  113**  cent,  to  115**. 
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phacnoiuenon.  The  quaiitit}'  of  eilica  present  in  these  watera 
causes  a  deposition  rouad  the  mouths  of  these  springs  similar 
to  those  calcareous  incrustations  so  comuton  in  other  loca- 
lities, producing  a  bed  of  siliceous  sinter  several  feet  in 
thickness*. 

Almost  the  only  substance  not  connected  with  volcanic 
operations  which  occurs  in  Iceland  is  the  turturbranil  or 
bituminous  wood,  of  the  situation  of  which  the  intelligent 
missionaryj  Mr.  Henderson,  has  given  us  a  detailed  account. 
The  west  side  of  a  perpendicular  cleft  in  the  side  of  a  moun- 
tain called  Hagafiall  exposes  a  section  of  ten  or  twehe  hori- 
zontal strata,  of  which  the  surturbrand  is  undermost,  occupy- 
ing four  layers,  which  are  separated  from  each  other  by  inter- 
mediate beds  of  soft  sandstone  and  clay. 

They  vary  in  thickness  from  a  foot  and  a  half  to  three  feet, 
and  differ  also  in  quality,  the  t>vo  lowest  strata  exhibiting  the 
most  perfect  specimens  of  mineralized  wood,  free  from  all 
foreign  admixture  and  of  a  jet-black,  the  numerous  knots, 
roots,  &c.  leaving  no  doubt  of  its  vegetable  origin.  The  two 
upper  strata  contain  an  admixture  of  earthy  and  ferruginous 
mattersj  and  in  the  midst  of  them  occurs  a  thin  layer,  four 
inches  in  thickness,  consisting  of  a  schistous  mass  which  ap- 
pears to  be  made  up  entirely  of  leaves  closely  pressed  together, 
separated  only  by  a  little  clay.  These  leaves  are  chiefly  of 
poplar,  a  tree,  Mr.  Henderson  says,  at  present  not  met  with 
on  the  island.     The  beds  of  surturbrand  support  an  altema- 

•  If  we  were  to  credit  the  accounts  given  by  some  traiiellerB,  we  must 
attribute  still  more  extraordinary  effects  to  the  water  of  these  Geysers  than 
the  mere  solution  of  bilica.  Id  the  second  volume  of  the  Edinburgh  Philo- 
sophical Journal  may  be  seen  an  account  of  Iceland,  by  Menge,  a  German 
mineralogist,  in  which  he  attributes  to  these  springs  the  formation  not  only 
of  siliceous  sinter,  but  even  in  many  Instances  of  tulf.  of  basalt,  of  porphyry, 
and  of  obsidian.  He  even  declares  that  he  saw  one  hol-apriug  producing 
lava,  another  forming  basalt,  and  a  third  trap-porphvry,  and  notices  a  par- 
ticular case  where  he  extracted  from  a  boiling  marsh  a  muddy  hot  mass, 
which  when  broken  exhibited  the  characters  of  basaltic  lava  in  the  centre, 
and  towards  the  surface  passed  gradually  into  red  and  grey  mud.  Such 
extraordinary  facts  however  require  for  their  belief  the  very  best  evidencD, 
and  I  fear  the  testimony  of  Menge  will  hardly  be  considered  sufficient  to 
substantiate  them.  That  purely  siliceous  minerals,  such  as  peartstone, 
hyalite  and  opal,  may  be  the  productions  ofhot-spiings  is  indeed  less  im- 
probable, but  all  analogy  is  opposed  to  the  idea  that  extensive  strata  of 
basalt  or  porphyry  have  ever  been  produced  in  the  same  manner. 
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tlon  of  basalt,  tuff  and  lava,  which  extend  to  the  summit  of 
the  hill. 

As  to  the  beautiful  specimens  of  double  refracting  calca- 
reous spar  which  are  obtained  from  Iceland,  M.  Robert  ap- 
pears to  have  ascertained  that  they  are  derived  from  an  exten- 
sive vein  penetrating  a  rock  of  mimosite  at  Eski-fiordur  in 
the  eastern  portion  of  the  island.  It  would  appear  indeed, 
that  all  the  fine  zeolites  and  other  minerals  for  which  Iceland 
is  so  celebrated  are  derived  from  the  older  or  submarine  vol- 
canic rocks,  and  not  from  the  lavas  that  have  been  ejected  in 
modem  times,  a  circumstance  which  I  shall  attempt  to  explain 
in  a  subsequent  part  of  this  volume. 

Professor  Bunsen  of  Marburg,  in  a  recent  memoir,  states 
that  Baron  Waltershausen,  who,  after  a  residence  of  several 
years  in  Sicily,  is  now  prosecuting  his  geological  researches  in 
Iceland,  has  discovered  in  both  these  volcanic  islands  a  new 
mineral,  called  by  him  Palagonite,  of  which  the  tuff  is  prin- 
cipally made  up.  It  is  quite  amorphous,  with  an  uneven, 
small,  conchoidal  fracture,  brittle,  with  about  the  hardness  of 
apatite,  in  thin  pieces,  transparent,  with  a  waxy  lustre,  by 
reflected  light,  brown,  like  coffee — by  transmitted,  honey- 
yellow*.  It  is  full  of  infusoria,  and  hence  Bunsen  conceives 
it  to  be  produced  by  the  action  of  thermal  waters.  Darwin 
(Vole.  Islands,  p.  98)  has  noticed  a  similar  substance  in 
Chatham  Island. 

The  only  other  volcano  in  the  north  of  Europe  is  that  in 
the  island  of  Jan  Mayen,  off  the  coast  of  Greenland.  This, 
when  visited  by  Captain  Scoresbyt  in  the  year  1817>  ex- 
hibited the  marks  of  a  recent  eruption,  and  was  found  to 
consist  of  cellular  lava,  of  tuff,  and  of  scoriae ;  on  its  summit 
was  a  magnificent  crater  500  feet  in  depth,  and  about  2000  in 
diameter. 

Its  principal  mountain,  the  Beerenburg,  rises  to  the  height 
of  6448  Paris  feet,  surpassing  every  one  of  the  Iceland  vol- 
canos.  It  is  remarkable  that  it  lies  exactly  parallel  to  the 
line  of  that  great  valley  in  which  all  the  active  volcanos  of  the 
latter  country  are  situated,  so  that  it  would  seem  to  be  a  pro- 
longation of  the  same  band  of  igneous  operations. 


•*■  •••     ••• 


♦  Its  formula  is  R»  S'^-f  2  R  R  Si  -f  9  H,  or  Scapolite-|-9jH. 
t  Edinb.  Phil.  Journ. 
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CHAPTER  XVllI. 


GRECIAN  ARCHIPELAGO. 


Rhtxlca  and  Detos  not  volcanic. — SantoriDo  and  the  adjoining  islands — 
sccouots  of  ancicLil  writrrs— islands  thrown  up  in  modern  times — how 
formed  orcordiog  to  Voq  Buch  and  others^  Polycandru — Milo — Argen- 
tiere— Poros. — Promontory  of  Metbana — accounts  of  its  upheavement 
given  by  the  ancients — structure  according  to  modern  geologists. — j^gina. 
— EubtEa — Ceri go— Albania — Megalopolis  in  Arcadia — Mount  Paniaa- 
SUB. — Zanle,  bitumen  springs. — Ccphalonia,  curious  phwnoraen a.— Me- 
lida,  subterranean  noisea. — ThermopylBB — Promontory  of  Mount  Athoi 
— Upper  Mtesia — Servia  —  Macedonia — Thrace —  Bosphorus. — Islands 
off  the  coast  of  Thrace— Lemnos — Imbros— Teoedos. 

The  accouutB  of  ancient  writers  might  prepare  us  to  find 
iadications  of  igneous  action  presenting  themselves  in  many 
parts  of  the  Grecian  Archipelago. 

It  is  true  however,  that  in  some  cases  modem  observations 
have  not  confirmed  the  correctness  of  the  reports  handed 
down  to  us  from  antiquity.  Thus  the  island  of  Deloa,  which 
the  poets  describe  as  of  recent  ori^n,  is,  on  the  contrary, 
almost  entirely  composed  of  granitic  materials. 

The  island  of  Rhodes  too,  the  supposed  elevation  of  w  hich 
from  the  bosom  of  the  ocean  Fliny  records,  in  a  manner  which 
would  lead  us  to  infer  the  agency  of  volcanic  forces,  is  com- 
posed, according  to  modern  geologists,  in  a  great  degree  of 
plutonic  and  neptunian  rucka,and  although  basalt  and  trachyte 
also  occur,  yet  they  do  not  appear  to  be  of  recent  date*. 

Not  iar  from  it  however  is  the  little  island  of  Nisyrosf, 

"  Sec  Mr.  Spratt's  account  in  the  Proceedings  of  the  Geological  Societ)', 
vol.  iii.  p.  773,  and  Hamilton  and  Strickland,  Geol.  Trans,  vol.  vi. 

Professor  E.  Forbes  remarks,  in  some  notes  with  which  he  has  lavoured 
me  relating  to  various  points  treated  of  in  this  chapter, — "The  great  and 
conspicuous  beds  of  marine  tertiaries  full  of  shells  closely  resembling  exist- 
ing o^cs,  around  the  city  of  Rhodes,  might  have  given  rise  to  the  ancient 
notion  of  the  island  having  rise:,  f;  jin  the  sea." 

+  Strabo,  lib.  x.  p.  7U,  ed.  Falc. 
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which  Humboldt  *  infers,  from  the  description  of  it  given  by 
a  late  traveller.  Dr.  Rossf,  to  have  been  actually  upheaved, 
and  to  present  an  exact  counterpart  to  the  island  of  Palma, 
which  Von  fiuch  has  particularly  noticed,  and  which  will 
come  before  us  in  a  subsequent  part  of  this  work. 

Dr.  Ross  however  remarks,  that  the  island  conveyed  to  his 
mind  the  impression  of  being  the  gradual  grqwth  of  volcanic 
operations,  which  accumulated  large  masses  of  igneous  pro- 
ducts, until  the  centre  fell  in  and  produced  a  deep  circular 
cavity,  whilst  the  outer  rim  of  its  base  still  stands  encircling 
the  internal  cavity.  Supposing  a  peak  to  have  once  existed, 
it  must  have  been  4000  or  5000  feet  high,  for  the  brim  of  the 
present  crater  is  more  than  2000. 

Several  small  outlying  hills  are  scattered  round  the  flanks 
of  the  volcano,  which  appear  to  be  lava-streams,  traceable  to 
the  centre  of  the  island.  But  these  have  been  covered  by 
showers  of  ashes  and  light  pumice,  which  afford  a  nidus  for 
plants,  and  render  the  surface  capable  of  cultivation. 

There  are  warm  springs  at  the  base  of  the  mountain,  having 
a  temperature  from  20°  to  30°  of  Reaum.  which  were  noticed 
by  Strabo;  and  there  are  also  fissures  in  the  rocks  from 
whence  hot  dry  air  destitute  of  smell  exhales. 

The  central  cavity  itself  is  in  its  highest  point  2271  feet 
above  the  sea.  It  forms  a  valley  a  league  in  length  and  half 
a  league  in  breadth.  The  upper  part  is  covered  with  vine- 
yards, the  lower  is  bare  and  white  with  sulphur.  From  the 
bottom  sulphur  is  continually  sublimed,  and  slight  detona- 
tions are  incessantly  taking  place,  which  afler  rain  and  the 
prevalence  of  westerly  winds  are  audible  from  a  distance. 
It  was  this  noise  perhaps  which  gave  currency  to  the  fable  of 
the  ancient  Greeks,  who,  according  to  Strabo,  imagined  that 
the  giant  Polybotes  was  confined  under  the  island,  itself  in- 
deed a  fragment  of  the  neighbouring  island  of  Cos,  which 
Neptune  had  detached  and  hiu*led  into  the  sea. 

The  sulphur  is  so  abundant  as  to  be  collected  as  an  article 
of  commerce,  and  is  occasionally  exported  to  Smyrna.  The 
following  woodcut,  taken  from  Dr.  Ross's  Travels,  may  serve 

*  Cosmos,  vol.  i. 

t  Reise  auf  den  Gricch.  Inseln,  Bd.  ii. 
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to  give  an  idea  of  the  structure  of  the  isl&nd,  and  of  its  eleva- 
tion-crater aa  Humboldt  considers  il : — 


PIm  nf  tht  hland  of  .\iiynM  aecordin^  to  Dr.  Hoi. 


Another  island  represented  hy  the  Greeks  na  having  been 
upraised  irom  the  bottom  of  the  sea  is  Santorino  with  its 
append^es,  and  this  we  have  indeed  every  reason  to  believe 
modified  at  least.  If  not  produced,  by  volcanic  operations  of  a 
comparatively  recent  date. 

It  stands  at  the  eastern  extremity  of  a  line  of  trachytic 
rocks  and  islands*,  by  which  it  is  in  a  manner  connected  with 
the  promontory  of  Methana  in  Argolis,  as  to  which  latter  a 
tradition  has,  as  wc  shall  see,  been  handed  down  to  us,  indi- 
cating the  occurrence  of  a  volcanic  eruption  in  that  quarter 
also  within  historical  times. 

The  islands  possessing  this  same  structure,  which  lie  be- 
twixt Santorino  and  the  coast  of  Argolis,  are  Polycandro, 
Milo,  Argentiere,  and, near  the  coast  of  the  Peloponnesus,  at 
the  entrance  of  the  Gulf  of  ^gina,  Poros.  Beyond  Methana, 
also,  the  island  of  ^gina  is  of  the  same  composition.    Several 

■  See  Plate  III.  for  the  "Volcanic  Band  uf  the  Greek  Islauds"  ac- 
coidiDg  Id  Von  Buch. 
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other  detached  rocks  possessing  a  similar  structure  are  scat- 
tered about  in  the  neighbourhood  of  the  islands  above-men- 
tioned. 

Santorino^  the  most  eastern  of  this  range,  is  the  one  which 
has  exhibited  the  most  recent  indications  of  volcanic  activity. 
It  is  of  a  horse-shoe  form,  the  space  intervening  between  the 
horns  of  the  crescent  being  partly  occupied  by  two  islands, 
now  called  Aspronesi  and  Therasia,  whilst  the  bay  inclosed 
within  this  series  contains  three  small  rocks  or  islets,  namely 
Great  Cammeni,  New  Cammeni,  and  Little  Cammeni. 

The  relative  position  of  these  islands  is  indicated  in  the 
"  Chart  and  Section  of  Santorino/' 

Now  the  island  of  Santorino,  known  by  the  ancients  under 
the  name  of  Thera,  as  well  as  the  smaller  one  near  it  called 
Therasia,  are  mentioned  by  Pliny  as  having  been  thrown  up 
by  the  sea,  both  which  statements  may  have  some  foundation 
in  fact,  although  mixed  up  with  much  inaccuracy  of  detail. 

Thus,  in  speaking  of  the  larger  island  Thera,  the  Roman 
naturalist  sets  down  the  time  of  its  appearance  as  happening 
in  the  135th  Olympiad,  or  about  237  years  B.C.,  a  date  quite 
inconsistent  with  the  mention  made  of  the  island  by  Herodo- 
tus, who  states  that  it  was  given  by  Cadmus  to  Membliares, 
one  of  his  followers. 

If  this  historian  is  to  be  depended  on,  we  must  likewise 
regard  as  a  poetical  fiction  the  account  which  Apollonius 
Rhodius  has  given  of  the  sudden  appearance  of  the  island  at 
the  period  of  the  return  of  the  Argonautic  expedition*. 

Nevertheless  it  is  possible,  from  the  name  Automate,  self- 
produced,  given  to  the  island  now  called  Aspronesi,  and  from 
the  tradition  as  to  a  new  island  having  been  thrown  up  about 
three  centuries  before  the  Christian  sera,  that  some  convulsion 
took  place,  by  which  this  and  the  neighbouring  island  of  The- 
rasia were  severed  from  the  larger  one  of  Santorino  or  Thera, 
of  which  until  that  time  they  had  constituted  a  part. 

Without  at  present  entering  into  the  question,  as  to  how 

*  fitcikov  df,  B€<mp<mifj<riv  iavO€is 

^KW  vnoppvxi^v,  TTjs  y  tKToOi  vrjo-os  atpBrj 

KokkiarTf,  rtaidiov  Ifpfj  Tpo<f)os  Ev(fnjfioio, — Argon,  iv.  1765. 
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the  enlcr-alwped  emwitj  of  windi  Ocae  tw*  itSaaia  Sena  tbe 
outer  poftwo  wa*  jmNtnad,  k  wcau  pivlnUe  that  tbej  were 
ofkoe  cootinuNM  with  the  eiUeaitiea  of  the  idmd  of  S«tib>- 
rino,  and  that  thdr  pmrat  sepuwion  &«a  the  btter  was 
occanoaed  by  aoBie  aubse^aetit  conToUioa. 

It  miMt  be  caaSemtd  boverer,  that  the  arif^a  of  the  larger 
bland*  (UlM  from  a  period  too  remote  to  be  d«tennioMl  with 
any  ccrtaintf,  but  with  n^rd  to  ibooe  loduikt]  wiihiii  Ibe 
ares  which  the;  embrace,  we  have  somewhat  better  groands 
on  which  to  proceed. 

Thus  Plinj  mentions,  that  l.W  years  after  the  date  of  the 
appearance,  or  rather  the  separatioa  of  Therasia,  the  island 
of  Hiera  was  thrown  up,  a  atatement  eonfirmed  by  Justin  and 
Plutsnrh*  as  to  the  fact,  though  not  as  to  the  date,  for  these 
writers  meation  the  appearance  of  Uiera  as  hating  occurred 
during  the  viar  between  the  Romans  and  Philip  of  Macedon ; 
and  if  we  adopt  the  date  assigned  by  Juslint,  which  is  that 
of  the  year  in  which  the  battle  of  Cyaocephale  nas  fou^t, 
we  must  iix  it  at  107  R-C-,  ftnd  luibstitDte  in  the  text  of  Ptiny 
for  the  number  exxx,  xixx. 

It  is  to  tiiis  event  that  Seneca  seems  to  refer,  where  he 
speaks  of  an  island  thrown  up  in  the  ^Cgean  Sea  by  an  accu- 
mulation of  atones  of  various  sizes  piled  one  upon  another : — 

"Majonim  nostrorum  memoria,  ut  Pot^idonius  tradit,  cum  insula 
in  JEgca  niari  eurgerct,  spumabat  intcriilu  mare,  ct  fumus  ex  alto 
fcrebatur.  Nam  primum  producebat  igncin,  nun  contmuum,  sed  ex 
intervalliii  eaiicantcm,  fulminum  more,  quoties  ardor  infcriila  jarcntis 
suporum  pondus  eviccrat.  Deinde  aaxa  rcvoluta,  rupesque.  partim 
illvxa^,  partim  cxeex,  et  in  levitatem  pumicis  venx  ;  nnvi^aime  cacu- 
incn  montis  emicuit,  Postea  altitudini  adjectum  et  saxum  illud  in 
magnitudinem  insulx  crevit." 

All  these  authorities  however  concur  in  placing  Hicra  be- 
tween Thera  and  Therasia ;  and  as  of  the  three  islands  in  that 

"  JuBtir,  lib.  xnx.  c.  4.— Plutarch,  De  Pythitc  Orac. 

\  Juitin'i  words  are  ;  "  Eodem  anno  inter  Theramenera  et  Therasiam, 
mcilio  utriuBquc  rips  et  maris  (patio,  terrse  raotu»  fuit  j  in  quo,  cum  admi- 
ratiime  navignntium,  rcpcnte  ei  profundo  cum  calidis  aquia  insula  emerait." 
(Lib.  MX,  c.  4.) 
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predicament,  two,  New  and  Little  Camtneni,  are  understood 
to  have  been  produced  in  modern  times,  we  must  conclude 
that  Hiera  is  the  one  now  known  by  the  name  of  Burnt  Island 
or  Great  Cammeni. 

Pliny  also  speaks  of  another  phaenomenon  of  the  same  kind 
as  happening  in  his  own  time*,  for  he  tells  us  that  in  the  reign 
of  Claudius,  a.d.  46,  a  new  island  called  Thia  appeared  near 
Thera,  But  as  he  mentions  it  as  only  two  stadia  distant  from 
Hiera,  it  is  possible  that  the  island  may  have  been  joined  to 
the  latter  by  a  subsequent  revolution,  as  by  that  recorded  to 
have  taken  place  in  the  year  7^6,  by  which  Hiera  is  said  to 
have  been  greatly  augmented  in  point  of  size. 

In  the  centuries  succeeding  the  latter  epoch,  other  changes 
are  noticed  with  respect  to  these  islands,  amongst  which  the 
production  of  a  new  rock,  that  of  Little  Cammeni,  in  1573> 
was  the  most  remarkable. 

Thevenot  mentions  a  great  eruption  of  pumice  as  having 
taken  place  in  the  sea  near  Santorino  in  1638,  and  Father 
Goreet  in  1707  was  eye-witness  of  the  appearance  of  a  new 
rock  between  Little  and  Great  Cammeni,  which  increased  in 
size  so  rapidly,  that  in  less  than  a  month  it  became  half  a 
mile  in  circumference,  and  had  risen  twenty  or  thirty  feet 
above  the  level  of  the  waters,  constituting  a  third  island  which 
was  called  New  Cammeni,  a  name  which  it  still  bears. 

The  following  is  an  extract  from  the  account  he  has  trans- 
mitted to  us  of  the  circumstances  attending  this  event : — 

On  the  23rd  of  May  1707,  the  commencement  of  a  new  island 
between  Gb^at  and  Little  Cammeni  was  perceived  from  Scaro,  and 
from  all  that  side  of  Santorino.  It  was  at  first  taken  for  the  wreck 
of  a  ship,  but  those  who  visited  the  spot  under  that  impression  found 
that  it  was  a  mass  of  rocks  which  rose  from  the  bottom  of  the  water. 
Some,  whose  curiosity  got  the  better  of  their  fear,  had  the  hardihood 
to  land  upon  it,  and  found  the  surface  covered  with  a  white  and  very 
soft  stone ;  but,  what  was  very  remarkable,  a  large  quantity  of  fresh 
oysters,  which  are  rarely  seen  about  Santorino,  were  found  adhering 
to  the  rock  newly  thrown  up.  Whilst  in  the  act  of  collecting  them, 
they  were  frightened  away  by  feeling  the  ground  shake  violently. 

*  Plin.  Hist.  Nat.  lib.  ii.  c.  89. 

t  See  Philosophical  Transactions,  vols.  xxvi.  and  xxvii. 
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Between  this  and  the  month  of  July  the  island  was  observed  ti 
grow  gradunllv  Imger,  for  though  many  of  the  rocks  which  v 
added  to  it  sunk  again  into  the  waters,  a  sufficient  number  remtuaed 
to  add  considerably  to  its  volume. 

In  July  the  appearances  were  mere  awful,  as  sU  at  once  there 
aroee,  at  a  distance  of  about  siity  paces  from  the  island  already 
thrown  up,  a  chain  of  black  and  calcined  rocks,  soou  followed  by  a 
torrent  of  black  smoke,  which,  from  the  odour  liiat  it  spread  around. 
from  its  effect  on  the  natives  in  producing  headache  and  vomitijig, 
and  from  its  blackening  silver  and  copper  vessels,  seems  to  have  con- 
sisted of  sulphuretted  hydrogen. 

Some  days  afterwards  the  neighbouring  waters  grew  hoi,  and 
many  dead  fish  were  thrown  upon  the  shore.  A  frightful  subter- 
ranean noise  was  at  the  same  time  heard,  long  streams  of  tire  r 
from  the  ground,  and  rtoncs  continued  to  be  thrown  out,  until  the 
rocks  became  joined  to  the  White  Island  originally  existing. 

Showers  of  aahea  and  pumice  extended  over  the  sea,  even  to  the 
coasts  of  Asia  Minor  and  the  Dardanelles,  and  destroyed  aJl  the  pro- 
ductions of  the  earth  in  Santorino. 

Tliese  and  similar  frightful  appearances  continued  round  the  island 
for  nearly  a.  year,  after  which  nothing  remained  of  them  but  a  dense 
smoke. 

On  the  loth  of  July,  170S,  the  same  observer  had  the  courage  to 
attempt  visiting  the  island,  but  when  his  boat  approached  within 
500  paces  of  it,  the  boiling'  of  the  water  deterred  him  from  proceed- 
ing. He  made  another  trial,  but  was  driven  hack  by  a  cloud  of  smoke 
and  cinders  that  proceeded  from  the  principal  crater.  This  was  fol- 
lowed by  ejections  of  red-hot  stones,  from  which  he  very  narrowly 
escaped.  The  mariners  remarked  that  the  heat  of  the  water  had 
carried  away  all  the  pitch  from  their  vessel. 

During  the  ten  subsequent  years  the  volcanic  action  had  given  rise 
to  several  other  eruptions,  but  the  same  reporter  states  that  in  1712 
all  was  quiet,  and  no  other  indication  of  the  kind  existed,  excepting 
a  quantity  of  sulphur  and  bitumen  which  floated  on,  without  mixing 
with,  the  waters.  Its  circumference  at  that  time  was  about  four 
miles. 

It  is  important,  with  reference  to  the  natural  history  of  volcanos, 
to  remark  that  in  this  case,  as  in  many  others,  the  mountain  appears 
to  have  been  elevated  before  the  crater  existed,  or  gaseous  matters 
were  given  out.  According  to  Bourguignon,  smoke  was  not  obsen'ed 
till  twenty-six  days  after  the  appearance  of  the  raised  rocks. 

Nor  have  these  creations  of  igneous  agencies  even  yet 
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ceased^  for  we  find  that  a  fresh  bank  of  rocks  is  now  in  the 
very  act  of  forming  between  the  island  of  Little  Cammeni 
and  Santorino. 

At  the  end  of  the  last  century  it  was  stated  by  Olivier,  that 
the  bottom  of  the  sea  had  been  observed  by  the  fishermen  to 
have  been  considerably  raised  within  a  short  period  in  this 
spot,  so  that  the  depth  was  no  more  than  fifteen  or  twenty 
braccie  (thirty  or  forty  feet).  In  July  1829,  M.  Lalande 
sounded  the  reef,  and  found  the  depth  not  more  than  nine 
feet  over  an  area  of  2400  feet  by  1500,  gradually  sinking  down 
on  all  sides  from  the  centre.  The  same  spot,  when  visited  by 
Bory  St.  Vincent  on  the  J  5th  of  September  in  the  same  year, 
was  found  to  be  still  higher  by  two  feet,  so  that  in  the  course 
of  a  short  time  it  will  form  a  new  island. 

Now  Santorino  and  its  appendages  are  amongst  the  spots 
most  confidently  appealed  to  by  Von  Buch  in  favour  of  his 
theory  of  elevation-craters. 

The  abrupt  eacarpments  on  the  side  which  looks  towards 
the  bay  of  that  island,  and  of  Aspronesi  and  Therasia,  which 
together  serve  to  complete  the  amphitheatre,  are,  accord- 
ing td  him,  the  sides  of  a  vast  crater  of  elevation.  The  al- 
ternate beds  of  trachytic  conglomerate  and  of  tuff,  of  which 
this  crater  consists,  all  dipping  outwardly  from  the  centre  at 
a  considerable  angle,  were  originally  formed  under  the  sea, 
and  subsequently  upraised,  together  with  the  mountain  of  St. 
Elias  and  the  others,  which  consist,  as  we  have  seen,  of  lime-^ 
stone.  The  identity  of  composition  existing  between  the 
islands  of  Therasia  and  Aspronesi  proves,  that  they  were 
formed  at  the  same  time  with  Santorino  itself. 

The  three  small  islands  subsequently  produced  within  the 
area  inclosed  by  the  larger  ones  above-mentioned,  may  be 
regarded  as  due  to  the  abortive  efforts  of  the  subterranean 
forces  to  establish  a  constant  communication  with  the  external 
air,  and  thus  to  constitute  a  volcano ;  but  none  such  exists, 
for  these  rocks  are  all  destitute  of  craters,  and  have  only  oc- 
casionally disengaged  vapours  and  pumice.  They  are  formed 
of  a  brown  trachyte,  sometimes  resembling  pitchstone,  in 
which  are  dispersed  crystals  of  glassy  felspar. 

Without  entering  here  into  the  general  consideration  of 
Von  Buch's  views,  I  will  merely  state,  as  a  particular  objec- 
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tion  alleged  against  its  applicability  to  the  case  of  Saiitormo, 
the  absence  of  those  deep  longitudinal  valleys,  which,  as 
theory  suggests,  ought  to  be  produced,  wherever  a  horizontal 
mass  of  rock  has  been  elevated  into  a  dome-shaped  form. 

It  is  admitted,  that  the  spaces  intervening  between  Santo- 
rino,  Aspronesi,  and  Theraaia  might  have  been  due  to  valleys 
formed  in  the  manner  which  Von  Buch's  theory  requires,  but 
what,  it  is  asked,  has  become  of  those  which  would  be  oc- 
casioned by  the  same  forces,  operating  upon  the  opposite  aide 
of  the  former  island  ? 

Nevertlicless,  if  we  reject  this  theory,  it  does  not  seem  easy 
to  explain  the  formation  of  a  volcanic  crater  in  the  midst  of 
the  sea  in  the  only  other  way  that  can  be  supposed,  namely 
by  successi('e  ejections  of  loose  volcanic  materials ;  and  this 
diflficuity  must  be  met  in  the  first  instance,  before  we  can  be 
permitted  to  avail  ourselves  of  the  explanation  proposed  by 
M.  Virlet,  who  suggests,  that  the  hollow  in  the  centre  of  the 
principal  islands  may  have  been  occasioned  by  the  falling-in 
of  the  materials  which  originally  extended  across  from  San- 
torino  to  Aspronesi  and  Therasia. 

At  all  events,  be  the  crater  itself  produced  by  elevation  or 
not,  it  cannot  be  questioned  that  some  of  the  minor  islands, 
aa  well  as  the  reef  now  in  the  act  of  tbrming,  have  been 
upheaved  bodily  by  volcanic  forces,  for  the  island  of  Little 
Cammeni,  observed  by  Goree,was  certainly  not  made  up  of  a 
mere  accumulation  of  ejected  fragments,  nor  is  there  any 
evidence  that  such  are  accumulating  under  the  bed  of  the  sea 
in  the  bay  at  present,  so  as  to  account  for  the  reef  above 
alluded  to*. 

*  The  following  valuable  additions  to  our  InrorinatioD  respecting  the 
island  of  Santorino  have  been  obligingly  furnished  me  b^  Professor  £. 

"  I  visited,  in  company  with  Lieut.  Spratt,  the  great  island  and  those  of 
Neokaimeni  and  Microkaimeni.  The  aspect  of  the  bay  is  that  of  a  great 
crater  filled  with  water,  Thera  and  Therasia  forming  its  walls,  and  the 
other  islands  being  after- productions  in  its  centre.  We  sounded  with  250 
fathoms  of  line  in  the  middle  of  the  bay  between  Therasia  and  the  main 
islands,  but  got  no  bottom.  Both  these  iales  appear  to  be  similarly  formed 
of  successive  strata  of  volcanic  ashes,  which,  being  of  the  most  vivid  and 
variegated  colours,  present  a  striking  contrast  to  the  black  and  cindery 
aspect  of  the  central  isles.     Neokaimeni,  the  last-formed  island,  is  a  great 
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The  next  island,  Polycandro,  is  reported  to  consist  of  vol- 
canic materiab ;  after  i^hich  comes  Milo,  long  celebrated  for 
its  alum,  which  Pliny*  mentions  as  the  best  that  could  in  his 
time  be  obtained. 

Von  Buch  imagined  it  to  possess  a  crater-shaped  cavity, 
like  Santorino,  but  this  Virlet,  who  appears  to  have  visited 
the  spot,  contradicts. 

Tlie  north-western  portion  of  the  island  however  consists 
of  trachyte,  heaved  up  anteriorly  to  the  tertiary  beds,  which 
in  part  cover  it. 

These  trachytic  rocks  are  penetrated  with  aluminite  and 
with  sulphur,  in  consequence  of  the  constant  passage  of  sul- 
phureous vapours  through  their  substance. 

The  same  alterations  are  produced  in  the  clay-slates  and 
other  rocks  of  the  island.  The  elevated  temperature  of  the 
soil  of  Milo  proves  that  it  is  still  under  the  influence  of  vol- 
canic operations ;  some  of  the  caverns  maintain  a  heat  from 
35^  to  38°  cent.,  and  there  are  thermal  waters  in  the  island 
as  high  as  55°  cent.  The  island  is  also  famous  for  its  mill- 
stones, which  appear  to  consist  of  trachyte  altered  by  the 
action  of  su]phiu*eous  vapours. 

heap  of  obsidian  and  scorise.  So  abo  is  the  greater  mass  Microkaimeni, 
which  rises  up  in  a  conical  form,  aod  has  a  cavity  or  crater.  On  one  side 
of  this  island,  however,  a  section  is  exposed,  and  cliffs  of  fine  pumiceoos 
ash  appear  stratified  as  in  the  greater  islands.  In  the  midst  of  this  pumi- 
ceons  ash  is  the  elevated  sea-bottom  of  which  I  have  given  a  notice  in  my 
Report  on  the  Invertebrata  of  the  ^gean  (see  Brit.  Assoc.  Trans,  for  Cork). 

"  We  were  told  that  similar  beds  of  shells  are  seen  occasionally  in  the 
cliffs  of  Santorino  itself. 

"  In  the  main  island  the  volcanic  strata  abut  against  the  limestone  mass 
of  Mount  St.  Elias,  in  such  a  way  as  to  lead  to  the  inference,  that  they  were 
deposited  in  a  sea-bottom  in  which  the  present  mountain  rose  as  a  sub- 
marine mass  of  rock. 

"The  people  at  Santorino  assured  us  that  subterranean  noises  are  not 
unfrequently  heard,  especially  during  calms  and  south  winds*  when,  they 
say,  the  water  of  parts  of  the  bay  becomes  of  the  colour  of  sulphur. 

"  My  own  impression  is  that  this  group  of  islands  constitutes  a  crater 
of  elevation,  of  which  the  outer  ones  are  the  remains  of  the  walls,  whilst 
the  central  group  are  of  later  origin,  and  consist  partly  of  upheaved  sea- 
bottoms  and  partly  of  erupted  matter,  erupted  however  beneath  the  surface 
of  the  water." 

*  Hist.  Nat.  lib.  xxxv.  c.  52. 
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Pumice  Bod  obudlaD  of  various  kiixJs  an  scattered  over 
many  partft  of  the  island,  and  it  i»  curioos  that  here,  its  mdl 
as  in  the  Phle^rrao  Gelds  near  Xapies,  Doxioua  miasmata  so 
ahuuRd,  that  the  few  inhabitants  of  this  oace-pofiuloua  inland 
are  the  very  pictttrea  of  wretchedness  and  Sis^aac,  insoraudi 
that  Choiaeul  Goufiier  is  (iMp«»ed  to  attribute  to  the  exbala- 
tiouA  of  the  volcano  what  is  probably  to  be  sought  for  in  some 
other  and  more  occult  cauee*. 

Argeutiere,  aucietitly  called  Cimoli,  is  probably  connected 
with  Milo  in  its  stmcture  as  welt  as  its  situation.  It  has 
<^tained  its  modern  nanw  from  the  silTer-mines  which  were 
formerly  worlted  there,  hot  are  now  abandoned,  and  which 
probably  lie  in  a  trachytic  conglomerate  like  those  of  Konigs- 
berg  tu  Hungary.  Indeed,  like  Milo,  it  is  entirely  vulcanised, 
being  partly  composed  of  trachyte,  and  partly  of  tertiary  rocks 
altered  l)y  subterranean  vapours  t. 

A  curious  modification  of  trachyte  here  occurs,  which  is  at 
least  analogous  to  the  millstone- trachyte  of  Hungary,  but 
which  Virlet  supposes  to  be  a  conglomerate,  the  particles  of 
which  have  become  reunited  through  the  inllnence  of  the 
vapours  by  which  they  have  been  penetrated,  so  as  to  acquire 
the  aspect  and  consistence  of  silex  and  even  of  jasper. 

There  is  also  found  in  the  island  a  white  heavy  tasteless 
earth,  called  Cimolile,  which  forms  an  article  of  commerce, 
being  much  used  in  the  Levant  for  cleaning  woollen  and 
other  stuffs.  It  has  a  gritty  feel,  and  efii;rvesces,  according 
to  Tournefort,  with  acids,  bnt  this  statement  is  not  consistent 
with  Klaproth's  analysis  J.     Pliny  §  calls  it  Creta  CimoUa,  and 

•  I'rof.  E.  Forbes  remarks  :  "  The  volcanic  rocks  of  Milo  have  for  the 
most  part  a  much  more  ancient  aspect  than  those  aE  Saotorino.  He 
highest  mountain  (2500  feet)  is  trachjtic."' 

+  Prof.  E.  Forbes  observes  :  "The  appearances  alluded  to,  of  tertiary 
rocks  changed,  as  if  by  volcanic  vapours,  and  associated  with  jaspers,  are 
■een  not  only  in  the  volcanic  but  also  in  the  non-volcanie  isles.  The  fos- 
silifcrous  lerliarics  of  Cerigo  are  in  part  of  this  nature.  The  fossils  in  such 
rocks  are  usually  the  larger  bivalves  (as  rcctens)  aod  Fchinoderms." 

;  Silica 63-00 

Alumina    23-00 

TroQ    1-25 

Water    1200 

1  Flist,  Nat.  lib.  »xxv.  c.  18. 
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mentions  its  uses^  one  of  which  appears  to  have  been  its  fitaess 
to  favour  the  generation  of  nitre*. 

Olhier  conceives  that  the  Cimolian  earth  proceeds  from  the 
decomposition  of  trachyte,  caused  by  sulphureous  vapours, 
Virlet  however  regards  it  as  belonging  to  the  tertiary  forma- 
tion corresponding  with  the  blue  clay  of  Sicily  and  the  Morea. 
It  is  met  with  in  Milo,  as  well  as  at  Argentieref. 

The  island  of  Poros,  situated  on  the  coast  of  Argolis,  con« 
sists  of  two  rocks  separated  by  an  isthmus  composed  of  sand. 
One  of  these  rocks  is  of  compact  limestone,  the  other  of  tra- 
chyte, which  latter  seems  to  have  been  upheaved,  and  Is 
covered  at  its  base  with  trass  or  pumiceous  conglomerate. 

Just  beyond  Poros  is  the  promontory  of  Methana,  formerly 
called  Methone,  which  would  appear  from  Ovid  to  have  been 
the  seat  of  a  volcanic  eruption  that  created  an  entire  mountain^ 
just  in  the  same  manner  as  in  the  last  century  the  mountain 
of  Jorullo  was  elevated  in  the  midst  of  the  table-land  of 
Mexico. 

The  description  of  Ovid  is  indeed  applicable  to  both  these 
events,  as  may  be  seen  by  comparing  Humboldt's  account, 
which  will  be  given  in  a  future  chapter,  with  the  following 
lines,  in  which  the  poet  refers  to  the  elevation  of  the  pro- 
montory just  mentioned : — 

Est  prope  Pithaeam  tumulus  TrGezena,  sine  ullis 
Arduus  arboribus,  quondam  planissima  campi 
Area,  nunc  tumulus ;  nam  (res  horrenda  relatu) 
Vis  fera  ventorum,  csecis  inclusa  cavernis, 
Exspirare  aliqua  cupiens,  luctataque  frustra 
Liberiore  frui  ccelo,  cum  carcere  rima 
Nulla  foret  toto,  nee  pervia  flatibus  esset, 
Extentam  tumefecit  humum ;  ceu  spiritus  oris 
Tendere  vesicam  solet,  aut  direpta  bicornis 
Terga  capri.    Tumor  ille  loci  permansit ;  et  alti 
Oollis  babet  speciem^  longoque  induruit  sevo. 

Metamorph.  lib.  xv. 


*  See  a  note  on  the  passage  in  Strabo,  lib.  x.«  in  which  the  island  of 
Cimolus  is  mentioned. — Falconer's  edition,  vol.  ii.  p.  707. 

t  Prof.  E.  Forbes  states  :  "  Argentiere  exactly  resembles  Milo  in  struc- 
ture.    I  fancied  the  Cimolian  earth  was  of  volcanic  origin." 
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It  is  probable  that  Strabo^  may  allude  to  the  same  event, 
where  he  speaks  of  a  tract  of  land  seven  stadia  high,  being 
elevated  round  about  Methoue,  owing  to  some  exhalation  of 
an  igneous  nature,  for  these  two  ])laces  are  so  near  to  each 
other  that  they  might  very  readily  be  confounded, 

Diodorua  Siculusf  relates,  that  Phojdra,  when  enamoured 
of  Hippolytus,  consecrated  a  temple  to  Venus  upon  the  Acro- 
polis of  Athens,  from  whence  she  could  distinguish  Trrezene, 
the  residence  of  the  object  of  her  [wssion. 

Now  Dodwell  remarlta, "  that  the  promontory  of  Methonc, 
which  at  present  obstructs  the  view,  not  only  of  Athens,  but 
of  its  loftiest  mountains,  might  possibly  in  the  time  of  Phfedra 
liave  been  a  flat  surface,  or  not  even  have  existed  at  all,  as  the 
whole  of  that  at  present  mountainous  tract  has  evidently  been 
thrown  up  by  the  powerful  operation  of  a  volcano,  which,  ac- 
cording to  Pausanins,  happened  in  the  time  of  Antigonus. 
Were  the  promontory  removed,  Athens  might  be  seen  over 
the  northern  extremity  of  JEg'ina." 

It  would  appear  from  Strabo  that  even  in  his  time  the  rage 
of  the  volcano  was  not  exhausted,  for  he  says  that  the  moun- 
tain became  sometimes  inaccessible,  from  the  intensity  of  the 
heat  which  it  occasioned,  and  the  sulphureous  odour  which  it 
difiuaed,  adding  that  it  was  visible  at  night  from  aAr,  and 
that  the  sea  was  hot  for  five  stadia  around. 

Let  ua  now  see  how  these  statements  are  borne  out  by  the 
observations  of  those  geological  travellers  who  have  lately 
visited  the  Morea, 

Tlie  peninsula  of  Methana,  says  Virlet,  is  composed  of  a 
mass  of  hilla  attaining  the  height  of  741  metres  (more  than 
2200  feet)  above  the  sea.  The  enormous  dome  thus  consti- 
tuted, which  is  nearly  circular  and  covered  with  irregular 
crests  of  rock,  belongs  almost  entirely  to  the  trachytic  forma- 
tion. It  joins  on  at  its  south  to  a  small  mass  of  compact 
greyish  Umestone  containing  Hippurites  and  other  cretaceous 
fossils,  and  seems  to  have  been  thrown  up  at  several  distinct 
epochs,  so  that  whilst  one  part  of  it  was  anterior  even  to  the 

■  Ed.  Falc.  vol.  i.  p.  87- 

+  'l&ffvtraTO  Itpov  Afftpn&tTrjt  Tinpn  Ttji'  Airponn^ti',  o&tu  Tjit  KaSopnv  tjji- 
T/ini(>)ni.— Book  L¥.  c.  62. 
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tertiary  rocks  in  its  neighbourhood,  other  portions  seem  to 
have  been  produced  in  historical  times.  The  particular  act 
of  upheaval,  which  is  noticed  by  ancient  writers,  he  supposes 
to  have  taken  place  at  the  western  point  of  the  peninsida  on 
a  spot  which  is  now  called  Kaymmeni-petra  (burnt  stones), 
on  account  of  the  black  scoriaceous  aspect  of  the  trachyte  of 
which  it  consists  bearing  some  resemblance  to  that  of  the 
islands  of  Cammeni  near  Santorino. 

The  height  of  seven  stadia  (875  geometrical  paces),  which 
Strabo  assigns  to  the  new  mountain,  agrees  very  nearly  with 
that  attained  by  the  culminating  point  of  the  present  Methana* 
It  seems  probable  that  the  warm  springs  alluded  to  by  Pau- 
sanias,  which  first  appeared  in  the  reign  of  king  Antigonus, 
preceded  by  an  evolution  of  flames,  still  exist  near  the  village 
of  Vromo-lymni,  opposite  to  the  island  of  Poros.  They  have 
a  temperature  of  37°  cent,  and  are  impregnated  with  sul- 
phuretted hydrogen  gas.  The  rocks  before  Methana,  in  the 
mouth  of  the  bay,  were  called  the  islets  of  Pelops.  They  are 
nine  in  number,  produced,  it  is  probable,  by  the  volcano,  and 
at  one  time  bare.  Some  shrubs  grew  upon  them  when  Chan- 
dler visited  the  spot  *• 

The  annexed  woodcut  presents  a  section  of  the  rocks  fom^- 
ing  the  peninsula  from  north-west  to  south-east : — 

SectUm  of  the  Peninsula  qf  Methana  from  N.  W,  to  S.E.  by  M.  Boplaye, 


1.  Compact  limeatoQe . 

2.  Tnchyte   

3.  Altered  trachyte  .. 


C 


4.  Trachytic  conglomerate  ....    |  :.\\'.'.': | 


S.  Tertiary  beds. 


6.  Millstone  trachyte 


iW/<"i 


Ut  Thennftl  epringt. 
b.  Kaimeni  Khosa. 
e.  Mount  Rkiaa. 

d.  Peak  of  Ceatimia. 

e.  Mount  Khelidonia. 


/.  Methana. 
g.  Vromo-lymni. 
h.  Ancient  Acropolia. 
i.  Thermal  qnings. 


The  island  of  iEgina,  situated  a  little  to  the  north-west  of 


*  Travels  in  Greece,  chap.  i. 
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the  peniasula  of  Melhana,  constitutes  the  extreme  limit  of  the 
trachytic  formatiou  in  that  directiun. 

Many  varieties  of  the  rock  are  seen  in  this  locality,  one  of 
which  may  be  called  domite  from  its  resemblance  to  the  rock 
of  the  Puy  de  D6me.  These  trachytes  are  much  altered  by 
the  action  of  vapours,  and  aluminite  is  in  consequence  gene- 
rated in  many  parts.  They  are  covered  mth  trachytic  tufla 
and  conglomerates. 

These  trachytes  seem  to  be  of  three  distinct  epochs,  the 
most  recent  probably  being  contemporaneous  with  the  up- 
heaval of  the  rock  at  Alethana ;  the  second,  occurring  in  the 
midst  of  the  tertiary  period,  which  has  produced  a  little  dome- 
shaped  mass  in  the  centre  of  the  island,  consisting  of  trachytic 
conglomerates  that  alternate  with  the  tertiary  beds ;  and  the 
third,  the  great  mass  of  trachyte  which  is  anterior  to  Ixith. 

Such  then  are  the  best-authenticated  accounts  of  volcanic 
productions  existing  in  the  Grecian  Archipelago*,  but  other 
places  either  in  Greece,  or  its  surrounding  islands,  are  men- 
tioned by  ancient  writers,  in  a  manner  which  would  lead  us  to 
suspect  some  phsenomena  of  the  same  description  to  have 
manifested  themselves  within  their  knowledge. 

Thus  Strabo  states,  that  in  the  Lelantine  fields  near  Chalcis 
in  Eubcea,  now  Negropont,  an  earthquake  took  place,  which 
did  not  cease  until  a  chasm  opened  in  the  earth,  from  v.henee 
a  stream  of  hot  mud  was  vomited  forth.  M,  Virlet  remarks, 
that  the  only  traces  of  volcanic  action  he  could  discover  in 
the  island,  were  a  sand  similar  to  that  which  in  other  places 
had  resulted  from  the  decomposition  of  trachytic  rocks,  and 
the  existence  in  the  island  of  hot  springs.  Hobhouse  also 
mentions  a  rock  near  Chalcis,  which  was  rent  from  top  to 
bottom  with  a  huge  chasm  extending  into  the  bowels  of  the 
mountain.  These  however  are  very  vague  indications  of  re- 
cent volcanos,  and  we  may  therefore  perhaps  set  downf  the 

*  "  Fatmos  U  a.  volcanic  island,  cansistitiG;  of  trachyte. 

"  Some  of  the  islands  opposite  Coidus  are  volcanic  and  of  as  recent  an 
origin  with  Santorino.  (  failed  in  reaching  ihem.  In  one  sulphur  19  col* 
k'cted,  and  there  are  solfataras  now  smoking."  — Prof.  Forbes'  MS.  notes. 

+  Nevertheless  il  is  to  be  observed  that  Strabo  uses  the  same  rapression 
"  JTijXnt"  when  speaking  of  the  lava  of  Etna  ;^-ro  iii<p\i'6fv  tijs  xnpii<fnji 
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phaenomena  which  Strabo  records,  as  of  the  same  nature  as 
that  of  Macaluba  in  Sicily,  and  therefore  connected  very  re- 
motely, if  at  all,  with  operations  truly  bearing  this  cha- 
racter. 

Of  the  other  islands  off  the  coast  of  the  Morea,  Cerigo,  the 
ancient  Cythera,  is  the  only  one  that  deserves  to  be  alluded 
to.  From  an  old  notice  in  the  ^Journal  de  Physique'  it  would 
seem,  that  shells  are  found  there  inclosed  in  stones  having  a 
volcanic  appearance,  perhaps  a  pumiceous  conglomerate  like 
that  of  Hungary,  and  Badia  mentions  a  chain  of  volcanic 
hills  traversing  the  island*.  Holland  however  questions  the 
accuracy  of  these  reports  t>  and  I  am  not  aware  of  their  having 
been  confirmed  by  any  later  authority  %. 

With  regard  to  the  continent  of  Greece,  it  would  appear 
that  we  must  go  considerably  north  of  Thessaly,  before  any 
large  development  of  volcanic  formations  will  meet  our  eye. 
It  is  true  that  Lord  Byron,  in  his  ^  Childe  Harolde,'  speaks  of 
the  mountains  of  Albania  as 

Nature's  volcanic  amphitheatre^ 
Chimara's  Alps, 

adding  in  a  note  that  the  Chimariot  mountains  appear  to  be 
volcanic. 

On  examining  however  the  accounts  of  more  scientific  tra- 
vellers, I  find  nothing  to  countenance  such  an  opinion,  and 
the  phaenomenon  which  probably  led  to  this  mistake  was  an 
extrication  of  inflammable  gases,  which  takes  place  on  the 
Chimariot  mountains,  just  as  it  does  on  the  Apennines,  be- 
tween Bologna  and  Florence. 

I  have  the  authority  of  Dodwell  for  stating  that  such  is  the 
case  at  present ;  and  that  it  was  equally  so  in  ancient  times  we 
learn,  not  only  from  several  ancient  writers,  such  as  Strabo  §, 

miXos  (OTi  fifkas  p€<op  Kara  Trjs  op€ivrjs'  cira  7rq(iv  Xafitov,  yivtrai  \i$os 
fivXws, — Lib.  vi.  p.  388,  ed.  Falc. 

♦  See  Ali  Bey's  Travels,  vol.  i.  p.  205. 

t  Holland's  Travels,  p.  44. 

X  Professor  E.  Forbes  says,  "  We  saw  no  volcanic  rocks  in  Cerigo.  The 
oldest  rocks  are  slates  and  grey  limestones,  probably  of  the  Scaglia  forma* 
tion.     Cerigotto  has  very  recently  been  upheaved  in  part." 

§  Strabo,  vii.  316;  Pliny,  ii.  106;  i£lian,  xiii.  16;  Plutarch  in  Sylla, 
p.  468.  See  also  the  singular  poem  on  the  Hot- baths  of  Pythia,  which 
will  be  afterwards  alluded  to,  v.  40. 
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Pliny,  ^luLD,  and  Flutarch,  who  spenk  of  the  occurrence  of  a 
Nympheuin  on  the  coast  of  modero  Albania  near  ApoUonia, 
celebrated  for  the  Qames  that  rose  continually  from  it,  but 
likewise  from  the  existence  of  a  coin  of  the  city  of  Apollonia, 
vhich  represents  on  one  side  Apollo,  and  on  the  other  three 
nymphs  dancing  round  a  6re. 

This  however  is  plainly  connected  with  the  Aaphaltum, 
which  is  so  abundant  in  the  mountains  of  Albania*,  espe- 
cially near  Selenitza,  and  probably  has  no  reference  to  any- 
thing of  a  volcanic  nature  f. 

Dr.  Bou^,  in  his  work  on  Turkey,  considers  it  to  be  derived 
from  beds  of  mineral  pitch,  which  he  says  occur  in  great 
abundance  in  the  nummulitic  limestone  of  Albania. 

Megalopolis  in  Arcadia  is  said  by  Pliny  to  have  a  bumini; 
mountain  near  it,  but  it  is  difficult  to  pronounce  whether  any- 
thing more  is  meant  by  his  description,  than  a  flame  emanating 
from  the  ground  like  that  above-mentioned. 

I  am  not  aware  of  any  notice  with  respect  to  it  existing 
among  modem  travels. 

Such  likewise  appears  to  have  been  the  spontaneous  fire 
(auTOfiMTov  TTvp)  that  emanated  from  the  summit  of  Mount 
Parnassus.  It  must  be  supposed  to  have  proceeded  from  both 
its  peaks,  as  the  poets  speak  of  the  Sixopvtbov  ireXa;  of  the 
sacred  mountain  X  >  and  although  some  have  interpreted  these 
passages  as  alluding  to  the  sacrificial  fires  that  were  so  fre- 
quent, it  seems  more  simple  to  imagine  that  some  natural 
phsenomenon  of  the  kind  alluded  to  really  existed. 

Aa  however  the  mountain  would  seem,  from  the  account  of 
Dr.  Clarke  and  other  travellers,  to  consist  wholly  of  compact 
limestone  containing  Entrochi  and  other  organic  remains,  we 
cannot  entertain  the  idea  that  the  pheenomenon  itself  was  con- 
nected with  any  really  volcanic  cause,  or  was  anything  more 
than  a  disengagement  of  gas  like  that  exhibited  at  the  Pietra 
Mala  on  the  Apennines,  and  in  divers  other  localities. 

*  See  Strabo,  lib.  vii.  4&8;  Dion  Caseius,  Hist.  iv. ;  and  Hollaod's 
Travels  in  Albania. 

+  ProfesBor  E.  Forbea  Bays,  "  For  similar  phsenoniena  with  those  of  the 
t'himoriot  mountains,  see  the  account  of  the  Chimfero  in  Asia  Minor,  in 
Spratt's  and  my  'Lycia.' 

!   Phoeniasa;,  v.  225. 
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Possibly  the  springs  of  bitumen  found  in  the  island  of 
Zante  may  be  associated  with  the  same  beds  as  those  before- 
mentioned  in  Albania,  although  Mr.  Strickland  considers 
them  to  be  derived  from  a  region  of  volcanic  activity,  which 
he  conceives  to  underlie  the  entire  group  of  the  Ionian 
Islands*.  The  frequent  earthquakes  that  occur  there  cer- 
tainly seem  to  imply  that  nothing  but  a  vent  is  wanting  to 
give  rise  to  genuine  volcanic  eruptions,  and  the  remarkable 
subterranean  noises,  that  are  heard  in  the  island  of  Melida  off 
the  coast  of  Dalmatia,  are  probably  attributable  to  the  same 

cause  t* 

There  is  also  in  the  island  of  Cephalonia  a  remarkable 
phaenomenon,  which  will  be  again  referred  to  when  we  come 
to  speak  of  the  theory  of  volcanic  operations.  It  consists  in 
a  constant  rush  of  sea-water,  in  quantity  sufficient  to  turn  a 
mill,  into  a  cleft  in  the  limestone  rock,  where  it  is  either  ab- 
sorbed in  swallow-holes  or  disappears  under  the  rocks.  It 
can  best  be  explained  by  supposing  that  the  stream  is  con- 
ducted to  subterranean  fires,  and  that  the  earthquakes  so 
common  in  the  island  are  caused  by  the  expansion  of  the 
gases  generated  by  the  action  of  their  fires  on  the  sea*- 
waterj. 

Dodwell  conjectures  that  the  mountains  near  the  Pass  of 
Thermopylae  are  volcanic,  but  he  produces  no  better  evidence 
than  the  story  of  Hercules  and  Deianira's  tunic.  Later  ob- 
servations have  shown,  th^t  the  chasm  of  Mount  Pindus, 
which  terminates  abruptly  in  that  part,  leaving  only  the  nar- 
row pass  called  Thermopylae  betwixt  it  and  the  sea,  is  com- 
posed of  the  older  class  of  rocks,  belonging  to  granite,  gneiss, 
mica-slate  and  clay-slate,  together  with  granular  marbles,  and, 
according  to  a  recent  traveller  §,  serpentine. 

Another  spot  to  which  ancient  writers  might  induce  us  to 
assign  a  volcanic  origin  is  the  peninsula  of  Chalcis,  bordering 
on  the  Gulf  of  Salonica,  and  terminating  in  Cape  Paillouri. 

*  Geol.  Trans,  vol.  v.  new  series. 

t  It  is  stated  in  Jameson's  Journal^  April  1844^  on  the  authority  of  the 
Gazzetta  di  Milano,  that  a  new  volcano  broke  out  in  this  island  in  Septem- 
ber 1843,  but  I  do  not  know  that  thb  has  been  since  authenticated. 

I  See  Strickland  in  the  Geol.  Trans. 

^  Fiedler,  Reise  durch  Griechenland,  1841. 
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It  was  formerly  called  Pallene,  and  ia  mentioned  by  Apollo- 
dorus  as  one  of  the  spots  assij^iied  by  tbe  poets  as  the  birth- 
place of  tbe  Giants,  one  of  whom,  Alcyoneiis,  is  said  to  have 
been  thrust  out  of  it  by  Hercules ;  and  the  Phlegrean  fields, 
which  in  later  times  were  placed  either  in  the  vicinity  of  Mount 
Etna  or  of  Naples,  appear  anciently  to  have  been  fixed  in  this 
peninsula,  for  Heyne  observes*,  that  by  Phlegra  and  Pallene 
is  meaDt  the  same  country,  the  latter  peninsula  being  remark- 
able for  earthquakes  and  subterranean  fires.  The  same  com- 
mentator further  observ-es,  1  know  not  on  what  authority,  that 
the  very  aspect  of  this  spot  even  at  the  present  time  proves 
the  agency  of  earthquakes  and  subterranean  fires;  but  I  do 
not  find  this  statement  confirmed  by  modern  travellers;  on 
the  contrary.  Dr.  Holland  states  that  the  peninsula  is  in  part 
at  least  of  primitive  formation  t,  and  this  is  confirmed  by 
Virlet  in  his  general  view  of  the  geological  structure  of  conti- 
nental Greece  J, 

Dr.  Boui?  however,  in  his  elaborate  work  on  European 
Turkey,  informs  us,  that  the  trachytic  formation  is  much  de- 
veloped in  Upper  Mocsia,  in  Servia,  in  Macedonia,  and  in 
Thrace. 

In  Northern  Macedonia  are  three  great  trachytic  groups, 
that  of  the  mountains  round  Karatova,  that  between  Nago- 
ritsch  and  the  plain  of  Strazin,  and  that  between  the  upper 

•  See  Heyne,  Aiinot.  in  ApoUotl.  |>.  29,  and  his  Dissert,  de  Theog.  Hes. 
in  Com.  Gott.  v.  ji.  p.  151. 

f  It  may  be  as  well  Icj  ngticc  a  passage  of  Lucretius  relating  to  another 
part  of  the  saine  country.  Iiy  way  of  direcling  the  attention  of  future  tra- 
vellers.    ScBptesula.  the  spot  alluded  to,  was  near  Ahdera  in  Thrace : — 
Nonne  vides,  etiam  terr4  quoquc  sulphur  in  ipefi 
Gignier,  et  tetro  concrescete  odore  bitumen  i 
Deoique  ubi  argenti  venas  aurique  sequuntur 
Terrai  penitus  scrutantes  abdita  ferro, 
Qualeis  enspirat  Scapteaula  subter  odorcs  ? 

Lucrft.  lib.  vi.  V.  810. 

Scapteaula  was  the  place  mentioned  as  belonging  to  Thucydides,  in 
Cimon's  '  Life,'  but  I  am  inclined  to  tbink  that  Lucretius  alludes  to  buI- 
phureouB  vapours  arising  rather  from  tbe  metallic  ores  that  occur  there 
(of  which  Plutarch  speaks)  than  from  any  volcanic  appearances. 

J   KipeditioD  Scientlfique  de  Mor^,  p.  37. 
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valley  of  Egridere  and  that  of  Bistritza.  The  talc  slate  and 
tertiary  beds  appear  to  have  be^n  heaved  up  by  the  eruptions 
of  trach3rte,  and  to  have  been  acted  upon  by  vapours  which 
have  communicated  to  them  a  red  tinge.  Molar  porphyry  is 
met  with^  forming  entire  mountains  near  Karatova,  and  there 
appears  to  be  the  same  difficulty  here  as  in  Hungary ,  as  to 
distinguishing  between  the  trachyte  and  the  sienitic  porphyry 
found  in  the  same  neighbourhood. 

In  the  plain  of  Thrace  trachyte  forms  a  chain  of  hills^ 
skirting  the  southern  base  of  the  Balkan,  from  Jenisagra  to 
Aidos^  and  again  further  south  at  Karabounar,  from  which 
place  they  extend  as  far  as  Fered  on  the  borders  of  the  iEgean 
Sea.  They  thus  connect  themselves  with  the  trachytic  moun- 
tains that  have  been  observed  near  Constantinople,  and  with 
those  of  the  islands  of  Samothrace,  of  Lemnos  and  Tenedos, 
together  with  the  rocks  of  the  Troad.  With  regard  to  the 
former,  viz.  those  near  Constantinople  on  either  side  of  the 
Thracian  Bosphorus,  Dr.  Clarke  in  his  Travels  had  noticed 
their  igneous  character;  and  General  Andreossi,  in  his  re- 
marks on  the  Lithology  of  the  Bosphbrus,  had  given  a  more 
detailed  account  of  the  rocks  of  which  they  consist.  The 
latest  and  best  remarks  however  are  those  of  Mr.  Hugh 
Strickland  in  the  Transactions  of  the  Geological  Society,  vol. 
V.  2nd  series*. 

He  states,  that  the  igneous  rocks  of  the  Thracian  Bosphorus 
protrude  through  beds  of  slate  and  limestone,  which  he  ascer- 
tained by  their  imbedded  fossils  to  be  Silurian. 

They  consist  of  trachyte  and  trachytic  conglomerates,  which 
commence,  on  the  Asiatic  side  at  Kavak,  extending  thence  to 
Yoom-bomou  on  the  Black  Sea,  and  on  the  European  side  at 
Buyukdere*  The  conglomerates  consist  chiefly  of  angular 
trachytic  fragments  imbedded  in  a  tufaceous  paste,  and  are 
occasionally  intersected  by  dykes  of  clinkstone  and  basalt, 
which  latter  assumes  at  times  a  columnar  form.  In  one  place 
veins  of  chalcedony  intersect  the  conglomerate,  cutting  in- 
discriminately through  the  tufaceous  paste  and  the  imbedded 
fragments. 

The  prevailing  colour  of  these  rocks  is  greenish,  owing  to 

*  See  also  a  Notice  by  M.  Verneuil  in  the  Bull,  de  la  Soc.  G^l.  de 
France,  vol.  vii.  p.  268. 
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the  presence  of  copper,  which  ^ave  the  name  of  Cyanere  to  the 
iveather-beaten  rocks  of  the  Symplegadea.  The  island  of 
Princes,  at  the  entraace  of  the  Sea  of  Marmora,  is  of  the  same 
composition. 

It  would  appear  that  the  borders  of  the  Black  Sea  chiefly 
consist  of  a  breccia,  formed  partly  of  marine,  and  partly  of 
freshwater  shells,  together  witb  stalagmitical  limestone,  and 
bituminous  wood  in  beds,  connected  probably  with  the  tra- 
chytic  rocks  which  occur  on  either  side  of  the  Tbracian  Bos- 
phonis,  or  the  volcanic  fonnations  existing,  as  it  is  said,  on 
the  islands  of  Tenedos,  Imbros,  Samotbrace,  and  Lemnos,  of 
which  however  1  know  of  no  detailed  description. 

Imbroa  indeed  is  mentioned  by  Dr.  Sibthorpe  as  containing 
various  pitchstunes,  porphyries,  and  other  volcanic  rocka  ;  and 
with  respect  to  Lemnos,  the  fable  of  Vulcan,  who,  when  ex- 
pelled from  heaven,  first  alighted  upon  this  spot,  would  lead 
ue  to  suspect,  cither  that  aome  tradition  prevailed  umong  the 
Greeks  as  to  the  existence  in  it  of  volcanic  phienomena*,  or 
that  the  rocks  themselves  had  a  burnt  and  sterile  aspect. 

The  latter  is  the  manner  in  which  the  fable  is  explained  by 
Galenf,  and  it  appears  from  modern  travellers  that  many 
parts  of  the  island  are  covered  with  pumice  and  ashes  %. 

Choiaeul  Goufiier  however  is  of  opinion  that  the  volcano 
from  whence  these  products  were  derived  is  now  sunk  in  the 
sea,  and  that  certain  portions  of  it  only  may  be  recognized  in 
some  rocks  near  that  island  §. 

Nevertheless  Dr.  Hunty,  who  visited  the  island,  though 
without  any  view  to  ascertaining  its  geological  structure, 
cursorily  remarks,  "  that  the  whole  island  bears  the  strongest 
marks  of  the  effects  of  volcanic  fire  ;  the  rocks  in  many  places 
are  like  the  burnt  and  vitrified  scoriee  of  furnaces." 

"  This  Bccros  to  be  olludpd  to,  when  Philoctetea  calls  upon  Neoptolemua 
to  put  an  end  to  his  sufferings  with  Che  Lemnian  fire  that  was  rolling  round 
him;  — 

fftirpijfTot,  bi  yrvMiii. — Sopliocha,  Phil.  v.  800. 
+  ♦oiwrai  yap  o/ioioTOTOi'  jmaujiei^  Kara  yt  nju  xf""'-  *"'  8iu  ro  fii&fv 
ly  auTuj  ipvtaSai. — Gahil,iTfpt  AiiKav  <PapfiaKay,  lib.  ix.  c.  2, 
J  See  Dr.  Hunt's  paper  in  Walpole's  Turkey. 
^  Vol.  i.  p.  79;  vol.ii.  p.  130. 
II  Walpole'a  Travels,  vol,  Li.  p.  56. 
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It  is  probable  that  the  Lemnian  earth,  famous  from  time 
immemorial  in  the  cure  of  diseases,  may  be  nothing  more 
than  a  decomposed  condition  of  trach3rte,  since  it  is  found  to 
be  associated  with  volcanic  products,  and  would  seem  from 
analysis  to  consist  of  the  same  ingredients  as  that  rock, 
united  in  proportions  not  very  different*. 

*  If  long-established  belief  be  any  test  of  truth,  the  Lemnian  earth  ought 
to  rank  with  our  most  approved  remedies ;  its  rejmtation  has  remained  un- 
impaired in  spite  of  all  changes  of  manners*  government,  and  religion  that 
have  since  occurred ;  it  is  collected  with  the  same  superstitious  ceremonies 
by  the  Christian  as  by  the  Heathen  priest,  and  is  given  credit  for  equal 
virtues  when  it  has  received  the  impress  of  the  Grand  Signor's  signet,  as 
it  was  of  old  when  it  had  obtained  the  seal  of  the  chief  magistrate  of  the 
place ;  its  estimation  has  survived  the  very  volcano  to  which  it  owes  its 
existence,  and  has  continued  without  interruption  from  the  time  of  Philo- 
ctetes  to  the  present  (Choiseul  Gouffier,  vol.  ii.)- 

Yet  on  analysis  it  is  found  to  consist  merely  of — 

Silica 6600 

Alumina 14*50 

Oxide  of  iron 6*00 

Water 8*50 

Soda 3*50 

Lime  and  magnesia  in  inappreciable  quantity.    Its  external  characters  are 

described  in  Phillips's  Mineralogy. 
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Volcanic  phEenomena  near  the  Troaa — near  Smyrna — Fougues— Ritri — 
in  the  interior  of  Asia  Minor — CatBcecaumene. — Petrifying  eprings  and 
Plutonium  near  the  ancient  Laodicea. — Traditions  with  respect  to  vol- 
canic eraptions  in  Cilicia — Ilassnn  Dagh — Mount  Argxua. — 
— Palmoe — Chimtera  in  Ljcia — Scandoroon. 

On  passing  the  Hellespont,  traces  of  volcanos  are  soon  ob- 
served surrounding  the  plain  of  ancient  Troy*. 

Near  CEne  we  come  upon  masses  of  volcanic  tuff  succeeded 
by  columns  of  clinkstone,  and  linally  of  trachyte.  Not  far 
from  the  town  is  an  isolated  knoll  of  basult  rising  abruptly 
from  the  plain.  Although  the  valley  of  Beyrametch,  re- 
markable for  its  hot  springs,  is  composed  of  the  tertiary 
hmestone  of  the  Troad,  yet  various  ranges  of  trap  or  basaltic 
rocks  traverse  it,  derived  from  the  great  centre  of  ancient 
igneous  action  seen  round  Bairam,  the  ancient  Asso,  which  is 
built  upon  a  volcanic  rock  consisting  of  trachyte.  At  Miui- 
toBcia,  about  an  hour's  march  from  Asso,  is  a  ruined  castle  on 
a  hillock,  ^hich  has  all  the  appearance  of  an  extinct  volcano, 
and  seems  even  to  have  given  off  from  it  a  current  of  tra- 
chytic  lava. 

Thus  it  would  appear  that  a  range  of  volcanic  rocks  occurs 
near  the  coast,  connected  possibly  vrith  the  trachytes  which, 
according  to  Mr.  Strickland,  occur  near  Smyrna.  These 
rocks,  on  the  south  side  of  the  bay,  were  erupted  subsequently 
to  the  deposition  of  a  lacustrine  limestone  and  marl  which 
were  deposited  in  a  basin.  They  consequently  are  spread  over 
the  bed  of  the  ancient  lake,  incumbent  on  the  beds  belonging 
to  the  lacustrine  series  in  a  broad  horizontal  sheet,  in  some 
places  stratified.  No  subsequent  eruption  appears  to  have 
taken  place  in  this  locality. 

On  the  north  side  of  the  bay  a  similar  eruption  of  trachytic 
matter  has  overlaid  the  same  lacustrine  deposits,  forming  the 

■  See  Webb  on  the  Troad,  in  the  Biblioteca  Itaiiana. 
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western  half  of  the  range  of  Mount  Sipylus,  about  2000  feet 
above  the  sea. 

On  the  coast,  in  lat.  38°'40',  near  the  Uttle  harbour  of 
Fouges,  the  ancient  Phocaea,  porphyritic,  trappean  and  tra- 
chytic  rocks  also  predominate,  overlaid  by  tufaceous  and 
pumiceous  sands,  which  have  assumed  the  hard  semivitreou9 
character  of  the  trachytic  rocks  themselves. 

At  Ritri  also  (lat.  38^-18),  the  ancient  Erythrae,  the  old 
Acropolis  is  situated  upon  an  insulated  peak  of  red  trachyte, 
which  rises  abruptly  to  the  height  of  200  or  300  feet ;  and 
although,  like  that  about  Smyrna,  perfectly  crystalline,  it  has 
the  appearance  of  being  stratified,  and  dips  to  the  north. 

Whether  volcanic  rocks  occur  in  many  other  points  further 
south  along  the  coast  is  not  as  yet  ascertained ;  but  they  have 
been  discovered  at  Boudroom,  the  ancient  Halicamassus,  in 
lat.  37°,  in  a  lofty  cone  called  Chefoot  Kaleh,  nearly  1000  feet 
high,  which  is  composed  of  a  reddish  felspathic  trachyte,  and 
indeed  all  the  intermediate  hills  between  that  spot  and  Boud- 
room consist  of  trachytic  and  pumiceous  conglomerates. 

Messrs.  Hamilton  and  Strickland  have  traced  a  still  more 
extended  range  of  trachytic  rocks  running  more  in  the  interior 
of  Asia  Minor,  but  nearly  parallel  to  the  above,  that  is,  stretch- 
ing from  the  Sea  of  Marmora  in  a  south-eastern  direction  to 
the  river  Hermus*. 

They  commence  on  the  north  side  of  the  lake  of  ApoUonia, 

*  They  appear  to  have  been  Ant  poiqted  ot^t  ^y  Browae  the  African 
traveller,  as  appears  from  the  following  passage  in  the  extracts  from  his 
journal  published  in  Walpple's  Travels  in  the  East; — "  Af  y  eyes  have  been 
very  much  opened  in  thb  journey  to  the  volcanic  nature  of  certain  parts  of 
Asia  Minor  and  its  confines.  At  Kdlah,  near  the  Hermns,  only  three  days 
from  Smyrna,  may  be  seen  ai>  unquestionable  site  of  volcanic  eruption.  I,t 
is  one  of  the  most  recent,  though  still  probably  of  a  very  remote  period. 
Carabignar  is  another,  bat  this  probably  may  have  been  noticed  by  others. 
KdUh,  I  imagine,  has  not  hitherto  been  observed.  I  shall  have  something 
to  say  of  Afium  Karahissar.  The  neighbourhood  of  Koni^,  and  still  more 
of  Kaisari^,  is  overspread  vrith  fragments  of  lava,  some  of  it  almost  in  the 
stale  of  acorise.  The  quantity  of  lava  in  tjbie  district  of  Erzer^  is  ipimense, 
and  ^e  whole  country  about  Mo^nt  Ararat  is  volcanic,  llie  eruptions  ii;i 
tiieae  places  seem  to  be  of  the  greatest  antiquity.  Volcanic  matter  ^^boat 
firzerdm  is  so  widely  difused,  that  I  am  disposed  to  acquit  Sestmi  of 
exaggeration  in  his  route  Co  Diarbekir/'  (p.  178.^ 
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about  three  or  four  miles  from  the  tovcu  of  Abullioate,  lat. 
4CP*I0.  Greenstone  rocks  however  occur  still  nearer  the  Sea 
of  Marmora,  in  lat.  ^C'SS,  behind  the  town  of  Moudania, 

The  other  localities  are  given  in  a  note*,  as  their  enumera- 
tion would  not  much  interest  the  general  reader :  in  two  in- 
stanceH  they  would  be  referred  to  the  class  of  modem  erup- 
tive rocks  according  to  the  definition  I  have  given  in  this 
work;  in  one  case  a  trachytic  mass,  in  another  a  basaltic, 
having  flowed  down  the  sides  of  the  hill,  and  resting  upon  a 
gravel  with  rolled  pebbles  of  trachyte, 

These  however  are  of  great  antiquity  and  imperfect  preser- 
vation, compared  to  the  rocks  in  the  country  east  of  Smyrna, 
known  of  old  by  the  name  of  Catacecaumene,  or  Burnt  Di- 
strict.    The  latter  is  thus  described  by  Strabof : — 

"The  Catacecaumene  is  in  length  5fX)  stadia,  in  breadth 
400,  whether  it  be  right  to  call  it  in  Mysia  or  in  Mieonia,  for  it 
is  considered  bothwise.    It  is  without  trees,  with  the  exception 


J  lat.  *0°-ii 


"  The  foliowing  are  the  localities  given  besides  1 
the  Deighlraurhood  of  the  lake  of  ApoUonia  : — 

I.  HammBnli  aear  KirmaKli lat.  39°'56. 

3.  Eafaeii,  betweeD  UarmaDJik  and  TAUshauli    .     lat.  3d°'43.1ong.20°-3O, 

3.  Valley  of  the  Macestus.  several  oulhursta  of 

tncbyte,  a  coulee  of  trkchrte  Dear  Bogha- 
ditza. 

4.  Between  Azani  and  Ghiedix — probably  also 

modern, 
s.  Gnnav.   iu   the  midst  of  hills  of  secoodarv  ^ 

,.    '  .                                                              M  lat.  38''-53. 
limestone / 

6.  Tahmek,  cluster  of  trachytic  cones       .     .     .     lat.  38°'26,  long.  as^-S. 

7.  Catacecaumene lat.  as^'SO. 

8.  About  eight  miles  from  Adala,  on  the  road  to  Koola, 

+  Mn-a  8*  raw'  (trriii  ij  KaraiataiiiifVTf  XryofifWJ  X"?"'  t"?*'"'  I""  <"" 
irtVTOKiiimev  oraBiaii-,  irXarnt  8(  TtrpaK-oaiiiv,  tiri  Vivaiav  xPI  '"'X*"'>  '"'• 
Mijonoj'"  Xtyeroi  yap  afiiJioTfpwt"  Ajravra  a8(*6/)Ot,  jrXijii  a/«r«X(HJ  ttjf  to» 
KoronwaVfMwnjJ'  tfupovmis  oikiv,  ou8<Mt  roj*  iWoyifiaiv  apfrji  Xhjtojhvoi'. 
E<fT(  dt  ^  tiTKpavria  Tr<ppiaftTjt  tcov  n-fAfui/'  fj  S'  optivrj  xai  irnpa&TjVM 
fuXatra,  in  av  t£  emaaiattat.  Eiirafovtri  fitv  ouv  nvit  (•  trpavvo^oXxuc  (oi 
frpijtmjpaii'  mifi&rjvai  rouro,  Koi  ouit  oarovai  tq  Trtpi  tov  Tu^aim  tyrauSa 
laiSokoytiii.  OvK  JuXoyoi-  ti  iitro  Totovrui'  naBav  ■nji'  Too-aurijv  x"?"*" 
iinrpt}<r6Tii'at   aSpoas,  aK\a  itatXov  tnro  yrfffvovs  wvpos'  fKktnur  if  vw  xas 

oXX^Xup  fluffTurat  ffraBiout'   vrriptuvrai  6(  Xo4>oi  Tpaxtit.  out  fiKOC  «  ToJW 
oraiinaTtBtVTtiv  aiimptuirBai  puipttv, — Strabo.  ed.  Falc.  p.  900. 
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of  the  vine^  from  which  wine  is  made  that  yields  to  none  of  the 
most  celebrated.  The  surface  of  the  ground  is  cindeiy,  and 
the  mountains  and  rocks  are  black,  as  if  they  had  been  cal- 
cined. Some  have  supposed  the  country  to  have  been  affected 
by  fire  from  heaven,  and  make  this  the  scene  of  the  fables  re- 
specting Typhon,  but  it  is  not  probable  that  so  large  a  tract 
should  have  been  burnt  by  such  causes  as  this,  but  rather  by 
fire  proceeding  from  the  earth.  It  is  true  that  its  sources 
are  now  exhausted ;  but  three  hollows,  called  in  the  country 
^t/o-iu,  still  exist,  as  much  as  forty  stadia  apart  firom  one 
another,  which  are  overhung  by  rugged  rocks,  formed  in  all 
probability  from  melted  masses  of  stone,  heaved  up  like 
bladders/' 

Now  this  district  was  found  by  Messrs.  Hamilton  and 
Strickland  to  be  a  tertiary  lacustrine  basin,  surrounded  by 
hills  of  ancient  schistose  rocks.  It  is  drained  by  the  Hermus, 
which  escapes  at  Adala  through  a  narrow  gorge  in  the  schis- 
tose formation,  the  closing  of  which  to  a  sufficient  height 
would  again  convert  the  upper  country  into  a  lake.  Numerous 
volcanic  eruptions  have  taken  place  among  the  older  rocks, 
which  formed  the  southern  margin  of  the  basin ;  and  streams 
of  lava,  flowing  from  these  foci,  have  overspread  the  lacus- 
trine deposits. 

The  outbursts  of  volcanic  matter  are  referred  by  these 
geologists  to  three  great  periods;  the  first  of  which  would 
belong  to  the  class  of  ancient  volcanic  rocks,  according  to  the 
definition  that  has  been  given  of  them  in  this  work,  having 
been  poured  forth  before  the  valleys  of  the  country  were  ex- 
cavated ;  whilst  the  two  latter  would  both  come  under  the 
head  of  modern,  as  having  been  ejected  subsequently,  and 
consequently  having  followed  the  slope  of  the  hills  into  the 
valleys  at  present  existing.  Nevertheless  the  volcanic  pro- 
ducts of  the  recent  period  are  strikingly  distinguished  from 
those  of  the  third  by  the  smoothness  of  their  outline,  and  by 
the  vegetation  that  clothes  their  surface.  The  cones  of  several 
are  all  flat,  rising  at  an  angle  of  about  20° ;  their  craters  have 
either  disappeared,  or  are  marked  by  only  small  central  de- 
pressions, and  all  their  asperities  seem  to  have  been  smoothed 
down  by  time.  These  are  the  rocks  which  chiefly  produce 
he  Catacecaumene  wine,  celebrated  now,  as  in  the  time  of 
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Strabo.  The  streams  of  lava  which  have  flowed  from  these 
are  level  oq  the  surface,  and  covered  with  turf.  The  cones 
which  answer  to  this  description  amount  to  about  thirty. 

The  volcanos  of  the  third  or  most  modem  period,  on  the 
contrary,  are  in  so  perfect  a  state  of  preservation,  that  wo 
might  believe  them  to  have  been  in  activity  at  the  present 
day.  The  cones  rise  at  an  angle  of  30°  or  32°,  and  the  eand 
and  scoriic  m  hich  compose  them  are  so  loose  as  to  render  the 
ascent  laborious,  A  few  straggling  ahruba  are  the  only  vege- 
tation which  they  produce,  and  the  lava  which  lias  (lowed 
from  them  is  as  rugged  and  burreii  as  the  latest  products  of 
Etna  or  Vesuvius. 

The  volcanos  of  this  third  period  are  only  three  in  number, 
and  are  nearly  equal  in  size,  standing  almost  in  a  straight 
line  from  W.  by  N.  to  E.  by  S.,  at  a  distance  of  about  six 
miles  from  each  other.  They  are  evidently  the  hills  desig- 
nated by  Strabo  as  tpvaai^  aad  it  is  to  be  remarked,  that 
although  the  moat  modern  in  the  district,  yet  no  tradition 
even  of  their  having  been  in  a  st&te  of  eruption  appears  to 
have  reached  that  geographer. 

Each  of  these  cones  has  sent  forth  streams  of  lava,  which 
may  be  traced  from  the  sides,  or  in  one  case  from  the  actual 
margin  of  the  crater,  descending  into  the  plain,  and  inter- 
fering with  the  course  of  the  river  Hermus.  That  from  the 
volcano  called  Kaplan-Alan  has  been  worn  through  by  the 
gradual  action  of  the  stream  to  the  depth  of  eighty  feet,  ex- 
hibiting an  abrupt  escarpment  overhanging  the  present  bed 
of  the  river,  consisting  of  impcrtectly  columnar  lava.  This 
alone  is  a  sufhcient  indication  of  the  great  antiquity  even 
of  the  most  modern  of  these  eruptions,  yet  us  a  sort  of  scale 
of  the  relative  antiquity  of  the  coulees  belonging  to  the  three 
periods  recognised  by  Messrs.  Hamilton  and  Strickland,  it 
may  be  stated,  that  whilst  the  valleys  have  been  denuded 
eighty  feet  since  the  volcanos  of  the  third  period  were  in 
action,  the  amount  of  degradation  since  the  second  period 
has  been  200  feet,  and  since  the  first  or  oldest,  no  less  than 
800  feet.  Such  at  least  is  the  height  at  which  the  basaltic 
rocks,  which  cap  the  vast  horizontal  plateaux  of  tertiary  lacus- 
trine limestone,  stand  above  the  level  of  the  existing  valley. 

Our  authors  rtmaik  on  the  great  similarity  between  the 
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volcanos  of  the  Catacecaumene  and  those  of  Auvergne,  both 
occurring  in  continental  tracts  at  a  distance  from  the  present 
sea ;  both  referable  to  several  periods^  although  on  the  large 
scale  capable  of  being  classed  under  two  great  heads ;  both 
rising  near  the  margin  of  a  tertiary  lacustrine  basin^  which 
they  have  partially  overspread;  both  having  given  rise  to 
streams  of  lava^  which  have  stopped  the  drainage  of  the  val- 
leys^ produced  lakes^  and  been  themselves  deeply  excavated 
by  the  action  of  rivers  now  flowing ;  and  both,  though  ante- 
cedent to  historical  records,  presenting  the  sharpness  of  out- 
line and  barrenness  of  surface  incident  to  the  products  of 
volcanos  now  in  action. 

I  may  remark  also,  that  the  neighbourhood  of  these  vol- 
canos, like  that  of  Auvergne,  is  remarkable  for  its  numerous 
petrifying  springs.  Quintus  Smymaeus*  relates  an  elegant 
legend  connected  with  this  subject,  from  which  the  term  lac 
lufus,  applied  to  that  white  calcareous  incrustation  left  on  the 
surface  of  stone  by  waters  of  this  description,  is  apparently 
borrowed ;  and  Strabo  relates,  that  the  waters  about  Hiera- 
polis  and  Laodicea,  now  called  Eskihissar,  possessed  the 
properly  of  dissolving  calcareous  earth  to  so  remarkable  a 
degree,  that  when  the  water  was  conducted  along  the  vine- 

•  *H;(i  TTOT*  Evdvfuci>va  nap*  vTTvaovra  fioffrtruf 
*Y^oB(v  adpTjO'aa-a  KarriKvBt  bia  2t\Tjinj 
Ovpavo0€v'  dpifJLVs  yap  aye  ttoBos  rjWioio 
K.6avaTqv  irovtovfraV  r^s  m  vwjrtp 
Evvrjs  fTTifia  T€Tvkt€U  vtto  bpviriv'  a/i^t  d*  ap  awQ 
Ekjcc^vt'  €V  (vXoxoio'i  fioo»v  ykayos'  ol  dc  w  (fKvrts 
QritvvT  cicfTi  K€ivo'  TO  yap  fuika  ttjXoBi  (Jhujjs 
E/A/ACMXt  €ia-op<mv  noXiov  yeika'  Ka\  d*  ii/tri 
AtvKov  vbtop,  Kcu  fituov  aarvirpoOfV  &imoff  uofrtu 
nrfywTcu  afi<l>i  p€(6pa'  ttcXci  d*  apa  \cuvov  ovbas. 

Quintw  Calaber,  x.  127. 

''When  formerly  divine  Luna,  viewing  above  from  heaven  Endymion 
sleeping  by  the  side  of  his  oxen,  came  down  to  him,  for  a  passionate  long- 
ing for  the  youth  had  seized  upon  the  immortal  lover.  And  of  her  naptial 
bed  there  exists  even  now  a  memorial  underneath  the  oaks,  for  round 
about  this  spot  the  milk  of  the  cows  was  shed  amongst  the  trees,  and 
mortals  behold  it  with  astonishment :  for  seeing  it  from  afar,  you  would 
say  that  it  was  white  milk,  and  yet  fresh  water  gushes  out  from  it ;  and 
when  you  have  drawn  near,  it  concretes  around  the  very  currents,  and 
becomes  at  length  a  marble  floor." 
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yards  aiid  gardens,  the  chaonela  became  long  feDces,  each  a 
single  atone.  Yet  this  strong  petrifying  property  did  not 
prevent  them  from  being  potable*. 

Dr.  Chandler  and  Mr.  Hamilton  both  remark  the  extra- 
ordinary petrifying  properties  of  the  water  at  the  present  day, 
aHsing  no  doubt,  as  of  old,  from  the  carbonic  acid  with  which 
the  waters  are  impregnated,  disengaged  by  volcanic  processes 
from  the  earth.  Neither  of  these  travellers  however  appear 
to  have  discovered  the  cave  called  Plutonium,  mentioned  by 
ancient  writers,  near  the  town  of  Hierapolis  in  the  same 
district,  which  seems  to  have  been  another  Grotto  del  Cane, 
being  filled  with  a  noxious  vapour  speedily  fatal  to  animal 
life  t-  The  latter  was  no  doubt  carbonic  acid  gas,  as  in  the 
instance  near  Naples. 

If  any  traditions  have  been  handed  down  to  us  of  volcanic 
eruptions  occurring  in  any  part  of  Asia  Minor,  they  relate 
probably  to  the  neighbourhood  of  Mount  Taurus  in  Cilicia. 

Homer  in  the  only  passage  in  which  he  mentions  the  giant 
lyphoeus,  whom  after-poets  place  underneath  the  volcano  of 
Sicily  or  of  Naples,  says,  that  the  resting-place  of  the  monster 
is  reputed  to  be  among  the  Arimeans,  or  in  the  Arimean 
mountains  («v  AptfioK)  {.    Now  the  Arimeans  were  the  an- 

ovii^aivftr,  KOHTfp  on-ui'  iroTifioii',      Straho,  p.  905. 

+  It  seeaiB  that  the  pricata  gf  Cybele  claimpd  a  singular  eicmption  from 
the  influeiice  of  this  vapour  ;  and  Dion  Cassias,  in  his  account  of  the 
cavern,  extends  it  to  aW  eunuchs.  It  ia  not  difficult  to  understand  how 
thia  fraud  might  be  maintained,  as  the  specific  gravity  of  the  gaseous  fluid 
is  such,  that  it  only  occupiee  the  bottom  of  the  cavern,  so  that  a  bird,  or 
even  a  quadruped  whose  head  was  low,  would  be  immediately  suffocated  ; 
whilst  the  priest,  waiting  more  upright,  might  easily  proceed  as  far  as  the 
entrance  (which  is  all  that  Strabo  says  he  saw  him  do)  without  feeling 
the  effects — oi  fl"  oitojtoiroi  TaXXoi  Traptairtv  airaSits,  ami  Km  fiixp'  rov 
rrro/uov  nXijaia^iH',  Koi  tyicvTmic,  jihi  KaTaSvmv  f«xP'  lotrov,  (nij-fx*""^* 
uc  (Til  TO  jToXu  TO  7i«u(Mi,    Strabo,  p.  903. 

I  find  that  Chandler  has  already  made  a  remark  to  nearly  the  same  pur- 
port.    See  his  'Travels  in  Asia  Minor,'  ch.  Ixviii.  Ixix. 

I   01  6'  ap  Kfraif,  oioti  ti  irvpi  x^"  waaa  viitoim. 
rnio  ff  imtirrtvBXi{t,  A«  ir  «pn-,ic(pai,™ 
Xotofitira,  Art  T  afi^tfii  TvtfftiHl  ytnaf  ifxatrtrtj 
Elf  ApinoK,  ofl.  <^niTi  Tu^ufOi  .^/i*™  n/rat.—tliad,  B.  781. 
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cient  inhabitants  of  Syria  *^  and  therefore  we  might  infer  that 
this  was  the  country  to  which  Homer  alludes  t«  It  is  how- 
ever a  curious  coincidence^  that  the  Arimeans  peopled  that 
part  of  Mysia  near  Smyrna  in  which  volcanic  appearances 
are  stated  by  Strabo  to  exist,  and  hence  that  geographer  sup- 
poses Homer  to  refer  to  the  latter  country,  and  not  to  Syria];. 
Thus,  after  speaking  of  the  country  round  Philadelphia  in 
Asia  Minor  (now  Allah  Shehr  near  Smyrna),  which  I  shall 
presently  aUude  to,  he  adds  that  it  is  here  the  old  writers  lay 
the  scene  of  the  circumstances  related  of  Typhon,  placing 
there  the  Arimi  and  the  Catacecaumene,  under  which  names 
indeed  they  venture  to  rank  the  whole  country  between  Lydia 
and  the  Maeander. 

But  whatever  may  be  thought  with  respect  to  the  spot 
referred  to  by  Homer,  there  can  be  no  doubt  that  the  Greeks 
were  aware  of  the  existence  of  volcanic  phenomena  in  some 
part  of  Cilicia.    Thus  Pindar,  when  he  speaks  of  Typhoeus 

*  Syria  is  called  in  Scripture,  Aram  and  Padan-Aram  (Gren.  xxv.  20, 
and  xxviii.  2),  from  Aram,  the  fifth  son  of  Shem,  from  whom  the  Syrian 
people  were  reputed  descendants. 

t  I  do  not  call  to  my  assistance  the  disputed  verse,  which  is  added  in 
some  copies  to  the  lines  above  from  Homer,  viz. 

as  Heyne  and  the  best  commentators  view  it  as  an  interpolation,  and  are 
still  more  opposed  to  the  substitution  of  the  word  lovdi;;  for  'Ydi/f,  which 
was  originally  proposed  by  Dickinson  in  his  '  Delphi  Phcenicissantes/  and 
afterwards  adopted  by  Wood  in  his  '  Essay  on  the  original  Genius  of 
Homer.'  As  the  word  lovba  does  not  occur  in  any  classical  writer,  it  is 
hardly  probable  that  Homer  could  have  employed  it. 

It  has  been  supposed  by  Leclerc  with  somewhat  more  probability,  that 
the  fable  of  the  giant  Typhceus,  so  well  described  by  Hesiod  in  his  '  Theo* 
genia,'  vers.  820  to  870,  arose  from  a  vague  tradition  which  had  reached 
the  Greeks  from  Phcenicia  of  the  destruction  of  the  cities  of  the  valley  of 
Siddim  :  he  remarks  that  the  lines  beginning 

Sf^Xi/pov  d*  c/3f>ovn;o'r  Kai  ofipifiov 

allude  to  the  manner  in  which  the  event  took  place. 

X  Kcu  di;  KM  ra  ntpi  rov  Tv^omx  fra&rj  €VTavBa  /iv^cvovcri,  luu  rovs 
Apifiovs,  Mu  Tffv  KoTOKfKavfjLtvrjv  ravTfjv  tivai  <f>a<riv'  ovk  oKvaxri  dr  leoi  ra 
fjMTa(y  Mauufdpov  km  Avdtov  itnavff  vTropo€iv  rotavra, — Strabo,  lib.  xii. 
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being  crushed  under  Cumra  and  Sicily,  says  that  he  ' 
before  confined  in  Cilicia*. 

Now  Hamilton  has  lately  given  a  description  of  Hassao 
Dagh,  a  mountain  in  Cappadocia,  8000  feet  above  the  aea, 
Bouth-west  of  Mount  Argaius,  the  highest  peak  of  the  Taurus 
range.  Hassan  Dagh  consists  entirely  of  trachj'te  and  trachytic 
conglomerates.  Several  eones,  composed  of  the  latter  rock  or 
of  loose  scoria:,  rise  near  its  base,  one  of  which  has  given  off  a 
considerable  stream  of  black  veaicular  lava,  which  has  flowed 
into  the  plain  towards  the  town  of  Akseroi,  and  is  therefore 
of  recent  origin.  Thus  we  have  exhibited  in  this  locality  the 
same  number  of  periods  of  volcanic  activity  as  in  the  Catace- 
caumene  itself;  we  have  the  epoch  when  the  trachytic  boulders 
were  thrown  out  and  consolidated  into  a  sort  of  tuflfor  con- 
glomerate ;  the  epoch  when  the  tertiai^  marts,  sandstones 
and  grits  were  dejjosited  upon  the  above  conglomerates ;  that 
in  which  the  trachyte  itself  was  heaved  up  bodily  through 
the  last-mentioned  deposits  ;  that  in  which  the  valley  between 
Hassan  Dagh  and  the  table-land  was  excavated ;  and  finally 
the  period  when  the  numerous  cones  at  the  fuot  of  the  moun- 
tain were  thrown  up,  and  a  stream  of  lava  emitted  from  one 
of  them. 

Rocks  of  volcanic  materials,  chiefly  tufaceous,  extend  all 
the  way  from  Hassan  Dagh  to  the  isolated  peak  of  Mount 
Argseus,  the  loftiest  mountain  of  the  Taurus  range,  which 
according  to  Mr.  Hamilton's  measurements  cannot  be  less 
than  13,000  feet  above  the  sea.  This  also  consists  of  volcanic 
rocks,  its  summit  being  composed  of  a  reddish  brecciated 
and  scoriaceous  conglomerate,  full  of  fragments  of  trap  and 
porphyritic  trachyte,  and  constituting  nearly  the  point  of 
junction  between  two  enormous  broken  craters,  one  of  which 

•  'Ot  tr  aira  Taprapif  kii- 
KiXitmv  6pr^iv  TToAvu- 
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opens  to  the  N^E.^  the  other  to  the  N.W.^  and  the  steep  sides 
of  which  to  the  north  are  covered  with  perpetual  snow^  for 
2000  or  3000  feet  below  the  summit. 

As  at  Mount  Etna,  numerous  cones  of  pumice  and  lapilli 
encircle  its  base,  and  traces  of  streams  of  black  basaltic  lava 
were  visible  near  the  foot  of  the  mountain. 

Tet  gigantic  as  the  scale  is  in  which  volcanic  agency  must 
have  operated  at  this  locality,  as  well  as  in  the  mountain  just 
before  mentioned,  a  still  more  surprising  feature  is  the  occur- 
rence of  horizontal  tertiary  and  volcanic  rocks  over  the  whole 
intermediate  space,  at  the  height  of  4000  feet  and  upwards 
above  the  sea. 

"What  a  mighty  eflfort  of  elevation,*'  says  Mr.  Hamilton, 
"must  we  not  suppose  to  have  been  capable  of  raising  a  tract 
of  land  above  200  miles  in  length  to  this  great  height,  with- 
out anywhere  disturbing  the  horizontality  of  the  stratifica- 
tion !'* 

Besides  these  more  conspicuous  and  extensive  foci  of 
Igneous  eruption,  we  have  evidence,  in  the  works  of  Fonta- 
nier,  Hamilton,  Ainsworth  and  others,  of  the  existence  of  trap- 
pean  rocks  at  Angora,  Eregli,  Sinope,  and  innumerable  other 
localities  in  the  central  and  northern  parts  of  Asia  Minor. 

The  geology  of  the  south-western  portion  of  Asia  Minor 
had  until  lately  been  neglected,  although  Riedesel  stated  that 
he  had  discovered  lava  opposite  to  Samos ;  and  Dr.  Clarke 
mentions  as  a  report  worthy  of  credit,  that  in  stormy  weather 
a  lambent  flame  has  been  observed  playing  upon  the  face  of 
the  precipitous  rock  overhanging  the  sea.  He  does  not  ap- 
pear however  to  countenance  the  idea,  that  it  is  anything 
more  than  a  phenomenon  of  the  Pietra  Mala  description. 

The  neighbouring  island  of  Patmos  however  would  seem, 
from  the  account  of  this  same  traveller,  to  be  entirely  volcanic, 
consisting  of  trap  rendered  porphyritic  by  large  twin  crystals 
of  felspar  as  big  as  a  pullefs  egg,  which  are  in  the  form  of  a 
cross,  and  regarded  with  superstitious  reverence  by  the  igno- 
rant inhabitants  *. 

Professor  E.  Forbes,  as  above  mentioned,  confirms  the  vol- 
canic nature  of  Patmos,  and  adds,  that  some  of  the  islands 

*  Cla'-ke's  Travels,  vol.  vi. 
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opposite  Cnidua  are  likewise  of  recent  igneous  origin.  Sul- 
phur 13  collected  in  one  of  them,  and  there  are  solfataras  now 
smoking. 

Lycia  has  been  lately  explored  by  this  last- mentioned  natu- 
ralist in  company  with  and  Lieut.  Spratt,  but  it  does  not 
appear  that  anything  of  a  volcanic  nature  was  discovered  by 
them. 

We  must  not  therefore  set  down  a^  belon^^ing  to  this  class  of 
phoenomena,  the  burning  mountain  vhicb  ancient  writers  notice  as 
existing  in  Lycia,  the  top  of  which  was  the  resort  of  lions,  the 
middle  of  goats,  whilst  the  bnttom  abounded  in  serpents,  whence 
arose  the  fable  of  the  monster  Chim^era,  the  head  of  which  was  that 
of  a  lion,  the  middle  of  a  goat,  and  the  hinder  parts  those  of  a 
dragon,  and  which  continually  vomited  forth  flames, 

Beaufort,  in  bis  'Caramania,'  describes  his  visit  to  this  mountniu, 
which  as  of  old  sent  forth  fire,  not  like  that  of  Etna,  but  quiet  and 
regular.  The  ancients  state  that  this  fire  did  not  even  destroy  the 
plants  that  grew  around,  and  Beaufort  remarks  the  very  same  thing. 

"  Trees,  brushwood,  and  weeds,"  he  says,  "  grow  close  round  the 
crater,  never  accompanied  with  noise  or  earthquakes ;  nor  does  it 
ever  eject  stones,  smoke,  or  noxioua  vapours*." 

Professor  Forbes  notices  it  in  the  following  manner  : — 

"  Not  far  from  the  Deliktash  on  the  side  of  a  mountain,  is  the 
perpetual  fire  described  by  Captain  Beaufort. 

"  The  travellers  found  it  as  brilliant  as  ever,  and  even  somewhat 
increased,  for  besides  the  large  flame  in  the  corner  of  the  ruins  de- 
scribed hy  Beaufort,  there  were  small  jets  issuing  from  crei'ices  in 
the  side  of  the  crater-like  cavity  five  or  six  feet  deeji.  At  the 
bottom  was  a  shallow  pool  of  sulphureous  and  turbid  water,  regarded 
by  the  Turks  as  a  sovereign  remedy  for  all  skin  complaints.  The 
soot  deposited  from  the  flames  was  regarded  as  efficacious  for  sore 
eyelids,  and  valued  as  a  dye  for  the  eyebrows." 

It  is  evident  from  these  accounts,  that  the  above  jihienomenon 
ought  not  to  rank  with  those  of  volcanos,  but.  that  like  the  one  of 
ApoUonia  in  the  mountains  of  Albania,  or  of  the  Pietra  Mala  in  the 
Apennines,  it  owes  its  origin  to  a  slow  distillation  of  bituminous 
matters. 

I  insert  the  following  extracts  from  old  travellers  with  the  view 

1   of  Caramaiiia,'    hy    Coplain   Beaufort,    R.N. 
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rather  of  exciting  inquiry,  than  from  any  great  confidence  I  enter- 
tain in  the  reports  which  they  convey. 

Mr.  Otter,  when  at  Bylan  in  1737,  was  told  of  a  mountain  called 
Araz  Dagiri,  about  three  miles  from  Scandaroon,  from  whence  fire 
had  for  some  time  issued.  Pococke  mentions  his  having  heard  of 
this  volcano,  on  his  road  to  Seleucia  (now  Souvadi),  from  an  English 
gentleman,  but  that  he  had  not  seen  it  himself.  He  also  specifies  a 
small  hill  north  of  the  town  of  Kepse,  between  the  mouth  of  the 
Orontes  and  the  Bay  of  Scandaroon,  from  which  smoke,  and  occa- 
sionally flames,  are  seen  to  proceed.  No  recent  traveller  however 
has  confirmed  this  statement,  though  Olivier  observed  at  a  place  not 
fJEur  distant,  traces  of  ancient  eruptions. 

Russel,  in  his  '  Natural  History  of  Aleppo*,'  speaks  of  a  crater- 
shaped  cavity  as  existing  near  Scandaroon,  which  is  called  by  the 
natives  the  Sunken  Village.  Although  it  has  probably  no  reference 
to  anything  of  a  volcanic  nature,  as  the  same  author  informs  us  that 
it  is  composed  of  coral,  and  various  sea  shells  incrusted  and  consoli- 
dated by  calcareous  matter  almost  as  white  as  snow,  yet  I  may  as 
well  introduce  the  notice  of  it  given  by  Pococke  in  his  '  Description 
of  the  Eastf.'  According  to  this  traveller,  it  is  a  round  oval  pit, 
about  100  yards  in  diameter  and  40  in  depth,  the  upper  half  per- 
pendicular, the  lower  exceedingly  steep.  There  is  only  one  way 
down  to  it,  which  is  passable  for  beasts.  Half-way  down  there  is  a 
grotto  worked  in  the  earth,  about  five  feet  high  and  twenty  broad. 

•  Vol.  i.  p.  57.  t  Vol.  i.  p.  169. 
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SYRIA,  THE  HOLY  LAND,  AND  ARABIA. 

Valley  of  the  Jordan  volcanic. — The  De»d  S«i — how  rormnl,— OtJter  vol- 
canic  Bppearanci?a   in  Syrik. — Mount  Sinai   volcank.— Zibbel  Teir. — 

Adeu — near  Mecca,  &e. 

If  we  proceed  southwards,  from  the  part  of  Asia  Miaor  we 
have  just  been  considering,  in  the  direction  of  Palestine,  we 
shall  meet  with  abundant  evidences  of  igneous  action  to  cor- 
roborate the  accounts  that  have  been  handed  down  to  us  by 
ancient  ivriters,  whether  sacred  or  profane,  from  bolh  which  it 
might  be  inftareJ,  that  volcanos  were  in  activity  even  so  late 
as  to  admit  of  their  being  included  within  the  hmits  of  au- 
thentic history. 

From  their  familisritf  with  such  phEenomeiiB,  the  Prophets  eepin 
to  have  derived  Bome  of  their  moat  splendid  imagery.  Thus  Nahum, 
describing  the  majesty  of  God,  says,  thst  "  the  mountaiiiB  qaake  at 

him,  a:id  the  hills  melt,  and  the  earth  is  burned  at  his  pre,"ence 

His  fury  is  poured  out  like  fire,  and  the  rocks  are  throwo  down  by 
him."     (Nahum.  i.  5,  6.) 

"  Behold,"  says  Micah,  "  the  Lord  cometh  forth  out  of  his  place, 
and  will  come  down,  and  tread  upon  the  high  places  of  the  earth.  And 
the  mountains  shall  be  molten  under  him,  and  the  val!e}'s  shall  he 
cleft,  aa  was  before  the  fire,  and  as  the  waters  that  are  poured  down 
a  steep  place."      (Micah,  i.  3,  4.) 

"  Oh  that  thou  wouldcst  rend  the  heavens,"  says  Isaiah,  "tliat 
thou  wouldest  come  down,  that  the  mountains  might  flow  down  at 
thy  presence,  as  when  the  melting  fire  burnetii,  the  fire  causeth 
the  waters  to  boil,  to  make  thy  name  known  to  tliine  adversaries, 
that  the  nations  may  tremble  at  thy  presence !  When  tliou  didst 
terrible  things  which  we  looked  not  for,  thou  earnest  down,  the 
mountains  flowed  down  at  thy  presence."      {Isaiah,  Ixiv.  I — 3.) 

And  Jeremiah,  evidently  alluding  to  a  volcano,  says — "  Behold,  I 
am  against  thee,  O  destroying  mountain,  saith  the  Lord,  which  de- 
stroyest  all  the  earth  i  and  I  will  stretch  out  mine  hand  upon  thee, 
and  roll  thee  down  from  the  rocks,  and  will  make  thee  a  burnt  moun- 
tain.    And  they  shall  not  take  of  thee  a  stone  fur  a  corner,  nor  a 
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atone  for  foundations ;  but  thou  shalt  be  desolate  for  ever."   (Jer.  li. 
25.  26.) 

The  destruction  of  the  five  cities  on  the  borders  of  the  Lake 
Asphaltitis^  or  Dead  Sea^  can  be  attributed,  I  conceive,  to  no- 
thing else  than  a  volcanic  eruption,  judging  both  from  the 
description  given  by  Moses  of  the  manner  in  which  it  took 
place*,  and  from  the  present  aspect  of  the  country  itself. 

I  presume  it  is  unnecessary  to  urge,  that  the  reason  assign- 
ed in  Holy  Writ  for  the  destruction  of  the  cities  alluded  to, 
does  not  exclude  the  operation  of  natural  causes  in  bringing 
it  about,  and  that  there  can  be  no  greater  impropriety  in  sup- 
posing a  volcano  to  have  executed  the  will  of  the  Deity  against 
the  cities  of  Sodom  and  Gomorrah,  than  it  would  be  to  ima- 
gine, if  such  an  idea  were  on  other  grounds  admissible,  that 
the  sea  might  have  been  the  instrument  in  the  hands  of  the 
same  Being  for  effecting  the  general  destruction  of  the  human 
race  in  the  case  of  the  deluge. 

Whether  indeed  we  choose  to  suppose  the  fire  which  laid 
waste  these  places,  to  have  originated  from  above  or  from  below, 
the  employment  of  secondary  causes  seems  equally  implied ; 
and  if  it  be  urged  that  the  words  of  Genesis  denote  that  it 
proceeded  from  the  former  quarter,  it  may,  I  think,  be  replied, 
that  a  volcanic  eruption  seen  from  a  distance  might  be  natu- 
rally mistaken  for  a  shower  of  stones,  and  that  we  cannot 
expect  from  the  sacred  historian  in  the  case  before  us,  any 
greater  insight  into  the  real  nature  of  such  phaenomena,  than 
we  attribute  to  him  in  the  analogous  instance,  in  which  the 
sun  is  said  to  have  stood  still  at  the  command  of  Joshua. 

*  Th«  fbUowing  are  the  words  of  Scripture : — 
Gen.  ch.  xix. 

Vs.  24.    Then  the  Lord  rained  upon  Sodom  and  Gromorrah  brimstone  and 
fire  from  the  Lord  out  of  heaven. 
25.    And  he  overthrew  those  cities,  and  all  the  plain,  and  all  the  in« 

habitants  of  the  cities,  and  that  which  grew  upon  the  ground. 
28.    And  he  (Abraham)  looked  toward  Sodom  and  Gomorrah,  and 
toward  all  the  land  of  the  plain,  and  behold,  and  lo,  the  smoke 
of  the  country  went  up  as  the  smoke  of  a  furnace. 

In  Deat.  cfa.  xxix.  ver.  23,  the  neighbourhood  of  the  Dead  Seats  described 
as  a  country,  the  land  of  which  is  brimstone,  and  salt,  and  burning,  which 
is  not  sown,  nor  beareth,  nor  has  any  grass  growing  therein. 
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That  the  individuals  vho  witnessed  the  destruction  of  these 
places  might  have  been  impressed  with  this  notion,  will  be 
more  readily  believed,  when  we  reflect,  that  iu  most  eruptioDS 
the  greater  part  of  the  mischief  occasioned  proceeds  from  the 
matters  ejected,  which  are  often  perceived  only  to  fall  from 
above ;  and  those  who  recollect  the  description  given  by  the 
younger  Pliny  of  that  from  Vesuvius,  will  admit,  that  a  per- 
son who  bad  fled  from  the  neighbourhood  of  that  volcano,  as 
Lot  is  stated  to  have  done  from  the  one  near  the  Dead  Sea, 
at  the  commencement  of  the  eniption,  would  probably  have 
formed  the  same  idea  of  what  was  taking  place ;  for  it  appears 
from  the  Roman  writer,  that  it  was  long  before  be  was  en- 
abled, even  at  Misenum,  to  determine  in  the  midst  of  the 
general  obscurity,  that  the  cloud  of  unusual  appearance,  which 
was  the  precursor  of  the  volcanic  phcenomena,  proceeded  from 
the  mountain  itself. 

When  Livy  mentions  the  shower  of  stones,  which,  accord- 
ing to  common  report,  fell  from  heaven  on  Mount  Albano*, 
there  can  be  little  doubt,  that  the  pha^nomeoon  that  gave  rise 
to  such  an  idea  wa$  of  an  analogous  description,  and  we  have 
already  seen,  that  the  volcanic  action,  of  which  there  are  such 
decided  evidences  in  Phrygia,  waa  attributed  by  some  to 
heavenly  meteors:  nxa^ovai  Ttvev,  says  Strabo,  e«  xepav- 
vo0o\t<ay  /cat  vptitmjptov  tru/i^vat  rovro. 

As  therefore  we  have  no  authority  for  supposing  Mosea  to 
have  poBBCBsed  a  knowledge  of  physics  beyond  that  of  the  age 
in  which  he  lived,  we  may  venture  to  apply  to  his  narrative 
of  the  destruction  of  these  cities  the  same  remark,  which 
Strabo  has  made  respecting  the  indications  of  igneous  action 
presented  by  the  country  round  Laodicea— ouk  fvXoyov  vtto 
TotovTOiv  Tradmv  t>)v  TotauTJjc  yoipav  eiarfyija-dTivai  aBpomi,  aWa 
/iaXXok  inro  yrffevov^  wupos. 

Volney's  description  of  the  present  state  of  this  country 
fully  coincides  with  this  viewf. 

The  south  of  Syria  (he  remarks),  that  is,  the  hollow  through 
which  the  Jordan  flow  s,  ia  a  country  of  volcanos :  the  bitu- 

*  See  page  170. 

t  Tr».veU  in  Egyp*  ""^  Syria,  vol.  i.  pp.  281,  2S3.  See  liltewise  In  the 
cororaeQcemeDt  of  the  novel  of  the  Talisman,  a  very  picturesque  and  appa- 
rently exact  description  of  the  neighbourhood  of  the  Dead  Sea. 
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minous  and  sulphureous  sources  of  the  lake  Asphaliitis,  the 
lava,  the  pumice-stones  thrown  upon  its  banks,  and  the  hot- 
baths  of  Tabaria,  demonstrate  that  this  valley  has  been  the 
seat  of  a  subterraneous  fire,  >%  hich  is  not  yet  extinguished. 
Clouds  of  smoke  are  often  observed  to  issue  from  the  lake, 
and  new  crevices  to  be  formed  upon  its  banks.  If  conjectures 
in  such  cases  were  not  too  liable  to  error,  we  might  suspect 
that  the  whole  valley  has  been  formed  only  by  a  violent  sink- 
ing of  a  country  which  formerly  poured  the  Jordan  into  the 
Mediterranean.  It  appears  certain,  at  least,  that  the  cata- 
strophe of  five  cities  destroyed  by  fire  must  have  been  occa- 
sioned by  the  eruption  of  a  volcano  then  burning.  Strabo 
expressly  says,  "  that  the  tradition  of  the  inhabitants  of  the 
country  (that  is,  of  the  Jews  themselves)  was,  that  formerly  the 
valley  of  the  lake  was  peopled  by  thirteen  flourishing  cities, 
and  that  they  were  swallowed  up  by  a  volcano.*'  This  ac- 
count seems  to  be  confirmed  by  the  quantities  of  ruins  still 
found  by  travellers  on  the  western  border. 

"The  eruptions  themselves  have  ceased  long  since,  but  the 
effects,  which  usually  succeed  them,  still  continue  to  be  felt 
at  intervals  in  this  country.  The  coast  in  general  is  subject 
to  earthquakes,  and  history  notices  several  which  have  changed 
the  face  of  Antioch,  Laodicea,  Tripoli,  Berytus,  Tyre,  and 
Sidon.  In  our  time,  in  the  year  1759,  there  happened  one 
which  caused  the  greatest  ravages.  It  is  said  to  have  de- 
stroyed, in  the  valley  of  Balbec,  upwards  of  twenty  thousand 
persons ;  a  loss  which  has  never  been  repaired.  For  three 
months  the  shock  of  it  terrified  the  inhabitants  of  Liebanon 
80  much  as  to  make  them  abandon  their  houses  and  dwell 
under  tents.'* 

In  addition  to  these  remarks  of  Volney,  a  recent  traveller, 
Mr.  Legh*,  states,  that  on  the  south-east  side  of  the  Dead 
Sea,  on  the  right  of  the  road  that  eads  to  Karrac,  red  and 
brown  hornstone  porphyry,  in  the  latter  of  which  the  felspar 
is  much  decomposed,  syenite,  breccia,  and  a  heavy  black  amyg« 
daloid,  containing  white  specks,  apparently  of  zeolite,  are  the 
prevailing  rocks.  Not  far  from  Shubac,  (near  the  spot  marked 
in  IVAnville's  map,  Patriarchaiua  Hieroaolymitanus,)  where 

*  See  his  account  of  Syria,  attached  to  Macmichaers  Journey  frooL 
Moscow  to  Constantinople. 
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there  were  formerly  copper  ininea,  he  observed  |K>rtions  of 
scorite.  Near  the  fortress  of  Shubac,  on  the  left,  are  two  vol- 
canic craters ;  on  the  right,  one. 

The  Roman  road  on  the  same  aide  is  formed  of  pieces  of 
lava.  Masses  of  volcanic  rock  also  occur  in  the  valley  of 
£llasar. 

The  western  side  of  the  valley  of  the  Jordan,  according  to 
Btisscgger,  is  composed  of  Jura  limestone  intersected  by  nume- 
rous dykes  and  streams  of  basalt,  which,  with  its  deep  fissures, 
the  earthquakes  to  which  it  is  subject,  and  the  sahne  sulphu- 
reous springs  which  have  a  temperature  of  46°  cent.,  attest 
the  volcanic  origin  of  this  depression. 

The  other  substances  met  with  in  the  neighbourhood  are 
no  leas  corroborative  of  the  cause  assigned.  Thus  great  quan- 
tities of  asphaltum  appear  floating  on  the  surface  of  the  sea, 
and  are  driven  by  the  winds  to  the  east  and  west  bank,  where 
they  remain  fixed.  Ancient  writers  inform  us,  that  the  neigh- 
bouring inhabitants  went  out  in  boats  to  collect  this  substance, 
and  that  it  constituted  a  considerable  branch  of  commerce. 
On  the  south-west  bank  are  hot  springs  and  deep  gulUes, 
dangerous  to  the  traveller,  were  not  their  position  indicated 
'  by  small  pyramidic  edifices  on  the  sides.  Sulphur  and  bitu- 
men are  also  met  with  on  the  mountains  round. 

On  the  shore  of  the  lake  Mr.  Maundrell  found  a  kind  of 
bituminous  atone,  which  I  Infer  from  his  description  to  be 
analogous  to  that  of  Radusa  in  Sicily,  noticed  in  my  memoir 
on  the  geology  of  that  island*: — "  It  Is  a  black  sort  of  pebble, 
which  being  held  to  the  flame  of  a  candle  soon  burns,  and 
yielda  a  smoke  of  a  moat  intolerable  stench.  It  has  thia  pro- 
perty, that  it  loses  a  part  of  its  weight,  hut  not  of  its  bulk,  by 
burning.  The  hills  bordering  on  the  lake  are  said  to  abound 
with  this  sort  of  sulphureous  {qu.  bituminous)  stone,  I  saw 
pieces  of  It,"  adds  our  author,  "  at  the  Convent  of  St.  John  In 
the  Wilderness,  two  feet  square.  They  nere  carved  in  basso 
relievo,  polished  to  as  high  a  lustre  as  black  marble  is  capa- 
ble of,  and  were  designed  for  the  ornament  of  the  new  church 
in  the  convent." 

It  wonld  appear,  that  even  antecedently  to  the  eruption 

•  I  have  since  receivcfi  n  specimeo  of  this  stone,  which  turns  out  to  be 
precisely  t\ 
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mentioned  in  Scripture^  bitumen-pits  abounded  in  the  plain 
of  Siddim.  Thus  in  the  account  of  the  battle  between  the 
kings  of  Sodom  and  Gomorrah  and  some  of  the  neighbouring 
princes  (Gen.  ch.  xiv.)  it  is  said^  And  the  vale  of  Siddim  was 
fail  of  slime-pits — which  a  learned  friend  assures  me  ought  to 
be  incEkAdXeA  fountains  of  bitumen. 

Mr.  Henderson  in  his  *  Travels  in  Iceland  *  will  have  it,  that 
phsenomena  similar  to  those  of  the  Geysers  of  Iceland  exist- 
ed likewise  in  this  neighbourhood*.  The  word  Siddim,  he 
says,  is  derived  from  a  Hebrew  root,  signifying  *'  to  gush  out,*' 
which  is  the  identical  meaning  of  the  Icelandic  word  Geyser, 
and  it  is  remarkable  that  there  exists  in  Iceland  a  valley  called 
Geysadal,  which  signifies  the  *^  valley  of  Geysers,*'  and  con- 
sequently corresponds  with  the  '^  valley  of  Siddim.*' 

The  latter  therefore  he  thinks  should  be  translated  the 
"  valley  of  the  Gushing  Mountains." 

This  author  further  believes,  that  Sheddim,  the  object  of 
the  idolatrous  worship  of  the  Israelites  (Deuter.  xxxii.  17, 
Psalm  cvi.  37),  translated  in  our  version  ^^  Devils,"  were 
boiling  springs  derived  from  volcanos,  and  I  may  add,  in  cor- 
roboration of  this  opinion,  that  somewhat  similar  phsenomena 
at  the  Lacus  Palicorum  in  Sicily  were  the  objects  among  the 
Greeks  of  a  peculiar  and  equally  sanguinary  superstition. 

He  thinks,  that  it  was  in  imitation  of  these  natural  foun- 
tains that  Solomon  caused  to  be  constructed  a  number  of 
Jetting  Fountains,  (as  he  translates  the  passage,)  of  which 
we  read  in  Ecclesiasticus,  chap.  ii.  6.  My  ignorance  of  the 
Hebrew  language  precludes  me  from  forming  any  opinion  as 
to  the  probability  of  these  conjectures,  but  the  existence  of 
hot  springs  in  the  valley,  at  a  much  later  period  than  that  to 
which  he  refers,  is  fully  established. 

But  besides  this  volcanic  eruption,  which  brought  about 
the  destruction  of  these  cities,  it  would  appear  that  the  very 
plain  itself  in  which  they  stood  was  obliterated,  and  that  a 
lake  was  formed  in  its  stead.  This  is  collected,  not  only  from 
the  apparent  non-existence  of  the  valley  in  which  these  cities 
were  placed,  but  likewise  from  the  express  words  of  Scripture, 
where,  in  speaking  of  the  wars  which  took  place  between  the 

♦  Vol.  i.  p.  154. 
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kiDga  of  Sodom  and  Gomorrah  and  certain  adjoining  tribes, 
it  is  added,  that  tlic  latter  assembled  in  the  valley  of  Stddiin, 
which  is  the  Salt  (i.  e.  the  Dead)  Sea. 

It  is  therefore  sujiposed  that  the  lake  itself  occupies  the  site 
of  this  once  fertile  valley,  and  that  it  was  produced  by  the 
waters  of  the  Jordan,  which  beinj^  without  an  outlet,  would 
fill  the  hoUow,  until  the  surface,  over  which  they  spread  them- 
selves, proved  sufficiently  lar^,  to  cause  the  loss  arising  from 
evaporation  to  be  equivalent  to  the  accessions  it  received  from 
the  rains  and  soows  of  the  mountaina  in  which  it  took  its  rise. 

This  hypothesis  assumes,  that  previously  to  the  existence 
of  the  Dead  Sea,  the  Jordan  must  have  had  an  outlet,  either 
into  the  Mediterranean  or  into  the  Red  Sea :  and  accordingly, 
when  it  was  discovered  by  Burckhardt,  that  there  actually 
existed  a  longitudinal  valley,  parallel  to  the  course  which  the 
Jordan  took  before  it  reached  the  Dead  Sea,  as  well  as  to  the 
larger  axis  of  that  expanse  of  waters,  running  from  north  to 
south,  and  extending  from  ihc  southern  termination  of  the 
Dead  Sea  to  the  extremity  of  the  Gulf  of  Akuha*,  it  was  imme- 
diately concluded,  that  this  valley  was  in  fact  the  former  bed  of 
the  Jordan,  which  river  consequently,  prior  to  the  catastrophe 
by  which  the  Dead  Sea  was  produced,  had  (lowed  into  this 
arm  of  the  Bed  Sea.  It  was  probably  through  this  very  valley 
that  the  trade  between  Jerusalem  and  the  Red  Sea  was  in 
former  times  carried  on.  The  caravan,  loaded  at  Ezengebe 
with  the  treasures  of  Ophir,  might  after  a  march  of  six  or 
seven  days  deposit  their  loads  in  the  warehouses  of  Solomon. 
Granting  this  to  be  the  fact,  there  then  only  remained  to 
explain  the  manner  in  which  the  obliteration  of  this  ancient 
channel  might  have  been  effected. 

In  the  former  edition  of  this  work  I  was  tempted  to  sug- 
gest, that  such  a  consequence  might  have  resulted,  if  the  vol- 
cano which  overwhelmed  with  its  ejected  materials  the  cities 
of  the  plain,  had  thrown  out  at  tlie  same  time  a  current  of 
lava  sufticieutly  considerable  to  stop  the  course  of  the  Jordan, 
the  waters  of  which,  unable  to  overcome  this  barrier,  would 

*  See  plate  3,  for  a  Map  of  Palesline  and  the  Dc.iil  Sia,  from  liurck- 
hardt,  in  which  tlie  relation  of  that  expanse  of  waters  to  the  Mediterra- 
nean and  to  the  Reel  Sea  is  clearly  shown. 
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have  accumulated  in  the  plain  of  Siddim  until  they  converted 
it  into  the  present  lake*.  I  do  not  know  that  any  traveller  has 
observed  what  is  the  ordinary  depth  of  the  Dead  Sea,  but  if 
we  only  imagine  a  current  of  lava,  like  that  which  in  1667 
proceeded  from  Etna,  and  flowed  into  the  sea  above  Catania, 
to  have  descended  at  right  angles  to  the  bed  of  the  river  Jor- 
dan, the  lake  need  not  be  supposed  very  shallowf. 

Nor  need  we  be  startled  at  the  magnitude  of  the  effect,  that 
we  should  be  obliged  to  attribute  to  a  cause,  comparatively 
speaking,  so  insignificant ;  for  if  the  little  rivulet  that  flows 
at  the  foot  of  the  Puy  de  la  Vache  in  Auvergne  was  adequate 
to  produce  the  lake  of  Aidat,  there  seems  no  disproportion  in 
attributing  to  a  river  of  the  size  of  the  Jordan,  to  say  nothing 
of  the  other  streams,  nowise  inconsiderable,  that  must  have 
been  affected  by  the  same  cause,  the  formation  of  a  piece  of 
water,  which  according  to  the  best  authorities,  is,  after  all, 
not  more  than  twenty-four  leagues  in  length  by  six  or  seven 
in  breadth. 

That  the  volcanic  eruption  which  destroyed  the  cities  of  the 
Pentapolis  was  accompanied  by  the  flowing  of  a  stream  of  lava, 
may  perhaps  be  inferred  from  the  very  words  of  Scripture. 
Thus  when  Eliphaz  reminds  Job  of  this  catastrophe^  he  makes ' 
use  of  the  following  expressions,  according  to  Henderson's 
translation  of  the  passage : — 

Hast  thou  observed  the  ancient  tract 

That  was  trodden  by  wicked  mortals  ? 

Who  were  arrested  on  a  sudden. 

Whose  foundation  is  a  molten  flood. 

Who  said  to  God,  Depart  from  us  ; 

What  can  Shaddai  do  to  us  ? 

Though  he  had  filled  their  houses  with  wealtli ; 

(Far  from  me  be  the  counsel  of  the  wicked !) 

The  righteous  beheld  and  rejoiced, 

I1ie  innocent  laughed  them  to  scorn ; 

Surely  their  substance  was  carried  away. 

And  their  riches  devoured  by  fire.  Job  xxii.  15 — 20. 

*  Th's  must  necessarily  have  been  the  case,  as  (according  to  Maundrell 
and  o'.her  travellers)  the  Dead  Sea  is  inclosed  on  the  east  and  west  with 
exceeding  high  mountains. 

t  A  recent  traveller,  Mr.  Came,  speaks  of  the  Dead  Sea  as  so  shallow, 
at  least  for  some  distance  from  its  banks,  that  he  was  unable  to  swim  in 
it     See  his  '  Letters  from  the  East.'     London,  1826. 


r 


958  SYHIA. 

'  The  same  fai't,  Mr.  Henderson  thinks,  is  implied  in  the  de- 
scription of  the  circumstances  connected  with  Lot's  escape*. 

"  Why  was  he  prohibited  from  Hngering  in  any  part  of  the 
low  Inud,  if  not  because  he  would  be  there  exposed  to  the 
pcsiilential  vol cunic  effluvia  and  to  the  lii^-a?  And  what  rea- 
son can  be  assigned  for  his  obtaining  leave  to  stop  in  Zoar, 
but  its  lying  at  some  distance  from  the  spot  where  the  lavs 
began  to  act,  as  likewise  on  an  elevation  ivhence  he  could 
Burvey  the  approaeliitig  ruin,  and  retire  before  the  stream 
reached  that  place  ?  We  accordingly  find,  that  however  de- 
sirous he  was  to  stay  there  at  tirst,  he  quitted  it  before  night, 
for  a  still  more  elevated  and  safe  retreat.  '  And  Lot  went  up 
out  of  Zoar,  and  dwelt  in  the  uiuunta'tn,  for  he  feared  io  dwell 
in  Zoar.-   (Gen.  xix.  30.) 

"  How  natural  is  the  incrustation  of  his  wife  on  this  hypo- 
thesis !  Remaining  in  a  lower  part  of  the  valley,  and  looking 
with  a  wistful  eye  towards  Sodom,  she  was  surrounded,  ere 
she  was  aware,  by  the  lava,  which  rising  and  swelling,  at 
length  reached  her.  and  (whilst  the  volcanic  effluvia  deprived 
her  of  life)  incrusted  her  where  she  stood,  so  that  being,  as  it 
were,  embalmed  by  the  salso- bituminous  mass,  she  became  a 
conspicuous  beacon  and  admonitory  example  to  future  gene- 
rations." 

An  hypothesis  very  similar  to  the  above,  I  find  suggested 
by  Von  Buch  in  a  letter  to  Dr.  Robinson,  dated  April  20, 
1829ti  but  in  spite  of  this  and  other  authorities  in  its  favour, 
I  am  bound  to  add,  that  since  it  originally  occurred  to  me, 
two  facts  have  come  to  my  knowledge,  which  render  it  less 
plausible  than  I  had  at  the  time  conceived. 

The  first  of  these  is,  that  the  level  of  the  Dead  Sea  stands 
considerably  below  that  of  the  Mediterranean,  and  conse- 
quently of  the  Red  Sea  J  ;  and  the  second,  that  the  waters  of 
the  high  western  desert,  for  some  distance  south  of  the  Dead 
Sea,  find  their  way  northwards  into  the  latter  §,  Instead  of  flow- 
ing in  the  contrary  direction  towards  the  Red  Sea,  showing 

•  Hcndprson's  Iceland,  vol,  i.  |)|i.  I-SS,  154. 
-f  Kubinson'ii  Biblical  Researches  in  Palestine,  vol.  ii.  p.  6. 
;  RiisMgger  savB  134)  feet.  Otherlravellersniakeit  526— 1320—650— 
and  630  fctt.     See  in  piirticitlnr  Wiikip's  Life. 

t  See  Robinson'™  Biblical  Researches  in  Palealino,  vol.  li.  p.  6l)2. 


DEAD  SKA.  359 

that  the  present  level  of  that  part  of  Arabia  is  considerably 
above  that  of  the  valley  which  the  Dead  Sea  occupies. 

The  watershed  between  the  Dead  Sea  and  the  Red  Sea 
Dr.  Robinson  places  at  a  point  as  low  as  the  30th  degree  of 
latitude,  whereas  the  most  southern  point  of  the  Dead  Sea  is 
rather  above  the  30th  parallel.  M.  Bertin  fixes  the  water- 
shed son^ewhat  higher,  immediately  south  of  the  entrance  of 
Wady  Abu  Tuhlka  into  the  great  longitudmal  valley  of  El 
Arabah.  From  this  point  a  ravine  or  watercourse,  called 
Wady  el  Jeib,  extends  to  the  Dead  Sea,  within  the  El  Arabah, 
thus  marking  still  more  distinctly  that  the  present  slope  of 
the  country  inclines  towards  the  north. 

Now  this  very  circumstance  at  once  alSbrds  us  an  explana- 
tion of  the  existence  of  a  lake  or  inland  sea  in  the  position  in 
which  we  find  it.     It  must  have  been  the  direct  consequence 
of  a  sinking  in  the  valley  which  it  occupies,  and  this  sinking 
must  have  taken  place  at  a  time  immediately  antecedent  to 
that  at  which  the  Dead  Sea  began  to  be  formed ;  for  it  seemft 
physically  impossible,  that  the  ground  not  occupied  by  this 
wide  expanse  could  have  remained  dry,  as  we  are  told  it  was, 
unless  there  had  been  at  that  time  an  outlet  for  the  waters  of 
the  Jordan,  or  that  there  could  have  been  an  outlet,  if  its  bed 
had  stood  at  a  lower  level  than  the  surrounding  country.  And 
as  the  dimensions  of  this  lake  are  evidently  determined  by 
the  quantity  of  water,  that  flows  down  from  the  mountains  of 
Lebanon  in  which  the  Jordan  derives  its  birth,  I  do  not  see 
how  the  Dead  Sea  could  at  any  former  time  have  been  less 
extensive  than  it  is  at  present,  although  Professor  Robinson, 
in  his  ^  Biblical  Researches,'  gets  over  the  dilBculties  of  the 
case,  by  supposing,  that  prior  to  the  destruction  of  the  cities 
of  the  plain,  a  part  of  this  tract  was  occupied  by  a  lake,  which 
therefore,  according  to  him,  was  enlarged  only,  and  not  created, 
by  the  catastrophe  recorded  in  Scripture. 

In  short,  if  the  lake  was  smaller  than  it  is  at  present,  it 
seems  obvious  that  some  outlet  must  have  existed  for  the 
waters  of  the  Jordan;  and  if  this  be  supposed,  I  see  no 
necessity  for  assuming  any  lake  at  all,  which  is  certainly  not 
warranted  by  Scriptural  authority,  whilst  the  existence  of  an 
outlet  in  a  country  so  depressed  below  the  level  of  the  ocean 
seems  not  only  unsupported  by  analogy,  but  even  contrary  to 
the  very  laws  of  hydraulics. 
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We  ore  not  however  drivca  in  consequence  to  give  up  the 
idea  of  a  volcanic  eruption  having  been  the  immediate  cauae 
of  the  destruction  of  these  cities,  since  the  sinking  of  the 
valley  may  liave  been  produced  by  the  volcanic  action  itself: 
all  I  would  contend  fur  is,  that  the  formation  of  a  lake  must 
have  followed  very  B|«cdily  the  depression  of  the  land,  what- 
ever epoch  we  choose  to  assign  to  the  latter  catastrophe;  and 
that,  in  accepting  the  etalement  of  Scripture  with  regard  to 
the  existence  of  cities  and  cultivated  regions  on  the  site  now 
occupied  by  the  Dead  Sea,  we  shall  find  ourselves  compelled 
to  return  to  the  old  hypothesis  of  Volney,  which,  singularly 
enough,  seems  more  consistent  with  the  Sacred  Writings, 
than  arc  the  suggestions  of  some  of  those  biblical  critics  who 
have  taken  up  the  subject  at  a  later  period. 

Briefly  then  to  recapitulate  the  train  of  ph£eDomena  by 
which  the  destruction  of  the  cities  might  haie  been  brought 
about,  1  would  suppose,  that  the  river  Jordan,  ]>rior  to  that 
event,  continued  its  course  tranquilly  through  the  great  lon- 
gitudinal valley,  called  El  Arabah,  into  the  Gulf  of  Akabah; 
that  a  shower  of  stones  and  sand  from  some  neighbouring  vol- 
cano first  overwhelmed  these  pitices ;  and  that  its  eruption  was 
followed  by  a  depression  of  the  svholL-  of  the  region,  from  some 
point  apparently  intermediate  between  the  hike  of  Tiberias 
and  the  mountains  of  Lebanon,  to  the  watershed  in  the  par- 
allel of  30°,  which  occurs  in  the  valley  of  El  Arabah  above- 
mentioned.  1  would  thence  infer,  that  the  waters  of  the 
Jordan,  pent  up  within  the  valley  by  a  range  of  mountains  to 
the  east  and  west,  and  a  barrier  of  elevated  table-land  to  the 
south,  could  find  no  outlet,  and  conseciuently  liy  degrees 
formed  a  lake  in  its  most  depressed  portion,  which  however 
did  not  occur  at  once,  and  therefore  is  njt  recorded  by  Scrip- 
ture as  a  part  of  tiie  catastrophe  •,  though  reference  is  made  in 
another  passage  to  its  existence  in  what  was  before  the  valley 
ofSiddim. 

If,  as  Robinson  states,  extensive  beds  of  salt  occur  imme- 
diately round  its  margin,  the  solution  of  the  contents  of  these 
by  the  waters  of  the  hike  would  account  for  their  present  com- 

•  See  the  passage  in  Eickiel,  chap,  s 
prettd  literally,  the  gradual  manner  in 
and  likewise  perhaps  the  c 
their  exit  in  the  Red  Sea. 
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position,  its  saltness  increasing  nearly  to  the  point  of  satura* 
tion  owing  to  the  gradual  accession  of  waters  from  above, 
which  on  evaporating  would  leave  their  salt  behind,  whilst 
the  bitumen  might  either  have  existed  there  previously  as  a 
consequence  of  antecedent  volcanic  eruptions,  or  have  been 
produced  by  the  very  one  to  which  reference  is  here  made. 

I  do  not  however  see  what  is  gained  by  attributing  the  de- 
struction of  these  cities,  as  some  have  preferred  to  do,  to  the 
combustion  of  these  beds  of  bitumen,  as  the  latter  could  have 
been  inflamed  by  no  natural  agent  with  which  we  are  ac- 
quainted except  the  volcano  itself,  which  therefore  must,  in 
any  case,  be  supposed  instrumental,  and  being  invoked,  will 
alone  enable  us  to  explain  all  the  facts  recorded. 

It  must  be  at  the  same  time  confessed,  that  much  remains 
to  be  done  before  either  this  or  any  other  explanation  can  be 
received  as  established,  and  I  am  disappointed  to  And,  that 
amongst  the  crowds  of  travellers  who  have  resorted  to[the  Holy 
Land  within  the  last  twenty  years,  so  few  have  paid  that  atten- 
tion to  the  physical  structure  of  the  country,  which  alone  could 
place  the  subject  beyond  the  limits  of  doubt  apd  controversy. 

The  geologist  for  instance  would  still  find  it  worth  his 
while  to  search  the  rocks  which  bound  the  Dead^Sea,  in  order 
to  discover,  if  possible,  whether  there  be  any  crater  which 
might  have  been  in  a  state  of  eruption  at  the  period  alluded 
to;  he  should  ascertain  whether  there  are  any  proofs  of  a 
sinking  of  the  ground,  fh)m  the  existence  of  rapids  anywhere 
along  the  course  of  the  river,  and  whether  south  of  the  lake 
can  be  discovered  traces  of  the  ancient  bed  of  the  Jordan,  as 
well  as  of  a  barrier  of  lava  stretching  across  it,  which  latter 
hypothesis  Yon  Buch,  I  perceive,  is  still  inclined  to  support ; 
nor  should  he  omit  to  examine,  whether  vestiges  of  these  de- 
voted cities  can  be  found,  as  some  have  stated,  submerged 
beneath  the  waters,  or  buried,  like  Pompeii,  under  heaps  of 
the  ejected  materials. 

It  appears  from  I)r.  Clarke  that  there  are  traces  of  volcanic 
rocks  between  Jerusalem  and  the  sea,  especially  about  the 
lake  of  Gennesaret,  and  Dr.  Robinson  states,  that  the  vol- 
canic nature  of  the  basin  of  this  lake  and  of  the  surrounding 
country  is  not  to  be  mistaken.  Thef  hot  springs,  he  says,  near 
Tiberias,  and  at  Om  Keis,  south*east  of  the  lake,  as  also  t\v^ 


Iiikewnrm  fountains  along  the  western  shore  j  the  frequent 
and  violent  earthquakes  that  occur ;  and  the  black  basaltic 
stones,  which  thickly  strew  the  groundj— leave  no  room  for 
doubt  on  this  point.  Although  the  maio  formation  is  lime- 
stone, yet  the  basalt  continues  to  appear,  more  or  less,  quite 
through  the  basin  of  tlie  Hilch  as  far  as  to  Baniaa ;  the  bridge 
between  the  lakes,  as  also  the  adjacent  Khan,  are  built  of 
basaltic  stones ;  and  the  wild  and  dreary  region  on  the  cast, 
between  that  bridge  and  the  lower  lake,  consisU  wholly  of 
basalt.  Other  traces  of  volcanic  action  exist  to  the  north- 
west of  Safed,  a  town  utterly  destroyed  by  a  tremendous 
earthquake  on  January  1,  1837. 

The  degree  of  depression  of  the  lake  of  Tiberias  below 
the  Mediterranean  would  either  seem  to  have  been  under- 
rated, or  that  of  the  Dead  Sea  estimated  as  greater  than  ita 
actual  amount*;  for  as  it  does  not  appear  that  there  are  any 
rapida  or  cataracts  between  the  two  lakes,  the  sinking  in  the 
country  which  has  occurred  about  the  Dead  Sea  must  include 
the  borders  of  the  lake  of  Tiberias,  and  the  ivhole  of  the  valley 
of  the  Jordan  be  regarded  as  one  great  fissure  in  the  lime- 
stone range,  caused  by  some  volcanic  disturbances  f. 

From  this,  coupled  with  Mr,  Buckingham's  description  of 
the  lake  of  Tiberias},  which  he  represents  as  situated  in  a 

'  That  of  the  former  being  328,  of  the  latter  1318  feet. — LLeut.  Syraoos. 

f  Badhia  gives  a  most /locd'caf  description  of  the  district  traversed  by 
him  ou  his  road  between  the  Jordan  and  Damascus ; — 

"  Tlie  Phlegreoa  fields,  and  all  that  can  present  an  idea  of  volcanic  de- 
struction, form  but  a  feeble  image  of  the  frightful  country  through  which  I 
passed.  From  the  bridge  of  Jacob  to  Sassa,  the  whole  ground  Is  composed 
of  nothing  but  lava,  baiall,  a«d  oiker  volcanic  pmduclions :  all  is  black, 
porous,  or  carious ;  it  was  like  travelling  in  the  Infernal  regions.  Besidea 
these  productions,  which  cover  the  country,  either  in  detached  masses  or 
in  loose  strata,  the  surface  of  the  ground  is  entirely  covered  with  loo»!  iviU 
eaiic  ilonea,  from  three  to  lour  inches  in  circumference  to  a  foot  in  diameter, 
all  equally  black,  porous,  or  carious,  as  if  they  had  just  come  out  of  the 
crater.  But  it  is  particularly  at  the  approaches  to  Sassa  that  the  traveller 
meets  with  groups  of  crevices  and  volcanic  mounds,  of  no  frightful  a  siie, 
thnt  he  is  seized  with  horror,  which  is  increased  if  he  allows  his  imagina- 
tion to  wander  to  the  [icriod  when  these  masses  were  hurled  forth  with 
violence  fiom  the  bowels  of  the  earth.  There  are  evident  signs  that  all  this 
coLintry  was  formerly  filled  with  volcnnos,  for  we  belicld  several  small 
rraters'in  traversing  the  plain."    (Ah  Bey's  Travels,  vol.  ii.  pp.  261,  a62.) 

J  See  Bnckingham's  Travels  In  Palestine,  pp.  44fi.  4CS. 
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deep  basin*,  Burrounded  on  all  sides  with  lofty  hills,  except- 
ing only  the  narrow  entrance  and  outlet  of  the  Joidan  at  each 
extreme,  we  may  perhaps  be  induced  to  extend  to  this  piece 
of  water  the  same  explanation  which  I  have  given  with  re- 
spect to  the  formation  of  the  Dead  Sea. 

This  too  I  perceive  is  the  opinion  formed  on  the  spot  by 
the  traveller  Russegger,  who  regards  the  sea  or  lake  of  Tibe- 
rias as  crateriform,  and  states  that  a  stream  of  basaltic  lava 
issues  from  the  mountain  of  ^^  Salvation  '^  at  a  height  of 
955  feet,  and  flows  to  the  very  borders  of  the  lake,  in  a 
current  no  less  than  a  league  in  breadth  at  its  termination. 
The  lava  is  partly  compact  and  partly  cellular,  containing 
much  zeolite. 

The  stream  of  the  Hieromax  also,  which  flows  into  the 
Jordan  just  where  that  river  issues  from  the  lake  of  Tiberias, 
has  cut  its  course  through  lava ;  and  why  may  not  the  same 
have  been  the  case  with  the  Jordan  itself  near  the  same  point? 
May  it  not  therefore  be  possible  that  a  still  more  ancient  erup- 
tion may,  by  blocking  up  the  course  of  the  Jordan  near  this 
spot,  have  caused  the  lake  itself,  ahd  that  the  water  may  after- 
wards have  cut  itself  a  passage  through  the  volcanic  matter, 
and  thus  have  regained  its  old  channel  ? 

Nor  are  these  the  only  traces  of  volcanos  which  this  country 
exhibits. 

At  Sherm,  in  the  peninsula  of  Mount  Sinai,  the  hills  for  a 
distance  of  two  miles  presented,  says  Burckhardt,  perpendi- 
cular clijBTs,  formed  in  half-circles,  none  more  than  sixty  or 
eighty  feet  in  height,  whilst  in  other  places  there  was  the  ap- 
pearance of  volcanic  craters.  The  rock  of  which  these  moun- 
tains are  composed  is  black,  with  a  slight  tinge  of  red,  full  of 
cavities,  and  with  a  rough  surface ;  fragments  that  had  been 
detached  from  them  were  seen  lying  on  the  road.  The  clifls 
were  covered  by  deep  layers  of  sand,  which  also  overspread 
the  valleys. 

Burckhardt  thinks  it  probable  that  other  rocks  of  the  same 
kind  may  be  found  near  Ras  Abou  Mohammed,  and  that  the 
name  of  Black  Mountains  {fj^eXava  oprj)  applied  to  them  by 
the  Greeks  may  have  arisen  from  this  cause  t-     It  should  be 

*  According  to  Riissegger,  955  feet  below  the  leveJ  of  the  Mediterranean. 
t  Burckhardt's  Syria,  p.  529. 
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observed  however  that  low  sand-hills  mt^rvene  bet\veen  the 
volcanic  rocks  and  the  sen,  and  that  above  them  towartis  the 
higher  mountains  no  traces  of  lava  are  found,  which  circum- 
stance seems  to  prove  that  the  volcanic  matter  is  confined  to 
this  spot.  Burckhardt  odds,  in  a  letter  to  the  Association*, 
that  the  Arabs,  as  well  as  the  priests  of  the  convent,  mention 
that  loud  esplosions  are  sometimes  heard,  accompanied  with 
smoke,  proceeding  from  a  mountain  called  Om  Shoi 
eight  hours  S.S.W.  of  Djebcl  Mousa,  where  however  he 
searched  in  vain  for  any  traces  of  the  kind. 

Humboldt  observes,  that  he  is  satisfied,  from  the  numerous 
specimens  which  have  fallen  under  his  observation,  that  the 
rock  from  which  these  volcauos  have  proceeded  is  a  transition 
porphyry  like  that  of  Mexico. 

On  the  more  elevated  parts  of  Mount  Sinai  no  truly  volcanic 
rocks  appear  to  exist,  the  formation,  according  to  Burckhardt, 
being  chiefly  granite,  often  with  hornblende  taking  the  place 
of  mica,  a  circumstance  indeed  which  led  the  French  Com- 
missioners to  propose  the  substitution  of  the  term  "  ainaite  " 
for  syenite,  for  this  description  of  rock,  as  being  characteristic 
of  the  rocks  of  Mount  Sinai  rather  than  of  those  of  Syene  in 
Egj-pt. 

On  the  borders  of  the  Red  Sea  itself,  some  indications  of 
volcanic  action  hai'e  been  discovered  by  modern  travellers. 

The  island  of  Zibbcl  Tcirt,  in  north  latitude  16°,  appears 
from  Bruce's  statement,  which  has  been  confirmed  by  Riip- 
pcU  and  other  recent  observers,  to  contain  an  active  volcano, 
and  rucks  possessing  the  same  characters  are  mentioned  as 
occurring  in  a  group  of  smaller  islets  in  the  same  part  of  the 
RedSea,  otfLoheiaJ. 

Niebuhr  likewise  has  given  some  accounts  of  phjenomena 
altiiid  to  those  arising  Irom  volcanos,  and  states  in  piuliculai', 
that  in  the  valley  of  Girondel,  near  Suez,  he  met  with  some 
hot  sulphureous  springs,  on  the  spot  near  which,  according  to 
vnlgur  tradition,  Pharaoh  and  his  host  were  swallowed  up§. 

*  Burckhardt's  Nuhla,  Life,  &c.,  p.  Ixviii. 

+  The  Journal  of  the  Geogia|)!iiral  Socioiv  (vol.  xvi.)  iilso  iiienlions  an 
active  volcano  in  iat.  15°  7';  long-  43°12,  tailed  Saddle  Island,  one  of  the 
Zebayer  group,  all  of  whicli  are  of  igiicovH  oriKiti. 

I  Bruce's  Travels,  vol.  i.  pp,  33(1  aiid  310. 

{   Nieliolir,  vol.  i.  j).  1K4, 
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The  promontory  of  Aden*,  eighty  miles  westward  of  the 
Straits  of  Babel-mandel,  consists  of  a  bold  cluster  of  volcanic 
rocks  with  lofty  jagged  peaks,  and  is  connected  with  the  main- 
land by  a  low  isthmus.  At  the  extremity  of  the  promontory 
next  the  main-land  is  an  immense,  nearly  circular  crater,  in 
the  centre  of  which  upon  a  flat,  little  raised  above  the  sea- 
level,  stands  the  town  of  Aden.  The  diameter  of  the  crater 
is  about  one  and  a  half  mile,  and  it  is  surrounded  on  all  sides, 
except  the  eastern,  with  precipices  chiefly  composed  of  lava, 
rising  from  1000  to  1776  feet  in  height.  The  crater  has  been 
rent  in  two  places  on  the  north  and  south,  but  is  elsewhere 
entire. 

The  eastern  portion  of  the  crater  has  undergone  a  partial 
subsidence,  by  which  it  is  brought  down  to  the  level  of  the 
sea,  so  that  it  forms  a  little  bay,  containing  an  island  which 
was  originally  a  part  of  the  crater. 

To  the  northward  of  this  great  crater  is  an  immense  mass 
of  lofty  and  jagged  volcanic  products,  probably  the  remains 
of  smaller  craters. 

The  unfortunate  Seetzenf,  who  is  supposed  to  have  been 
poisoned  during  his  travels  over  this  part  of  the  Arabian  pe- 
ninsula, after  noticing  the  volcanic  nature  of  the  mountains 
about  Aden,  proceeds  to  mention  the  account  which  he  had 
received  of  an  eruption  which  took  place  on  the  site  of  the  pre- 
sent harbour.  The  same  traveller,  for  whose  competency,  as 
an  observer  of  such  phsenomena,  we  have  the  respectable  au- 
thority of  Von  Hoff,  ascertained  the  existence  of  porous  lava 
at  Damar,  at  about  15^  of  north  latitude,  and  traced  the  same 
in  various  directions  between  that  place  and  Mecca. 

Similar  appearances  are  exhibited  about  Medina,  which  is 
perhaps  not  more  than  200  miles  south  of  Sherm,  where,  as  we 
have  seen,  we  have  the  authority  of  the  accurate  Burckhardt 
for  the  existence  of  volcanos. 

*  Mr.  Burr,  ID  the  Proceedings  of  the  Geological  Society,  vol.  iii.  p.  355. 

i*  Some  account  of  Seetzen's  researches  may  be  seen  in  Baron  Zach's 
Correspondence,  in  Baron  Hanmer's '  Fundgrube  des  Orients,'  and  in  a  small 
volume  entitled  '  A  Brief  Account  of  the  Countries  adjoining  the  Lake  Ti- 
berias, the  Jordan,  and  the  Dead  Sea.'  London,  1810. 
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f  VOLCANIC  PHENOMENA   OF  PERSIA  AND  THE  ADJOINING 

COCNTRIES. 

I  Circassian  range — Mount  Ararat — S!ii>an  Dagh — Taman — Baku— Dema- 

vend. — Earthquakes  in  A%hani9taD. — Vulcanic  appFaranc^s  in  Culch — 
upheaval  and  sabmcrgeucc  of  a  tract  of  land  in  this  province. 

Having  stated  what  volcanic  phenomena  have  been  ob- 
'  served  in  the  most  wcBteni  portions  of  Asia,  namely  bi  Asia 

I  Minor  and  in  Syria,  1  will  proceed  to  point  out  those  exist- 

ing  in  the  next  great  department  of  the  continent  alluded 
to,  including  Persia  in  its  widest  signification,  Mesopotamia, 
,  Armenia,  and  the  other  countries  about  the  Caucasian  chain, 

Afghanistan,  Beloochistan,  and   in  short  the   whole  district 
bounded  by  the  Caspian  on  the  north,   the  Enplu-ntes  and 
'  the  Peraiau  Gulf  on  the  south-west,  the  Indian  Ocean  on  the 

r  south,  and  the  Indus  on  the  east.     It  will  be  seen  that  a 

branch  of  the  Taurus  chain,  which,  as  has  been  already  stated, 
contains  traces  of  modem  volcanic  action  at  Hassan  Dagh 
and  at  Mount  Argieus,  stretches  into  Mesopotamia,  dividing 
the  valley  of  the  Tigris  from  that  of  the  Euphrates. 

That  some  part  of  this  is  volcanic  tiiere  seems  good  reason 
to  suspect.  Olivier  notices  an  extinct  volcano  between  Birt 
and  Orfa,  two  leagues  from  the  latter  place,  and  like«  ise  be- 
tween Orfa  and  Mosul,  the  capital  of  Curdlstan*.  He  suspects 
the  great  mountain  Sindsjaar  to  be  volcanic. 

It  would  seem  that  some  indications  of  the  same  descrip- 
tion existed  formerly  in  the  country  of  Adiabene,  between  the 
Tigris  and  Euphrates,  near  the  city  of  Nineveh  ;  for  Tzetzes, 
in  his  Scholia  on  Lycophron,  v,  704,  mentions  that  the  lake 
of  Avernus  (Xt^vij  aopvo';],  which  most  persons  refer  to  the 
neighbourhood  of  Naples,  stood,  according  to  some,  near  that 

■  Ker  Porter  al^o  sptaks  of  what  he  calls  a  sulphur  desert  in  Lower 
Curdislan  near  Sulimania,  and  mentions  very  abundant  naphtha  springs 
at  Kirkook,  a  town  south  of  Mo^ul. 
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place.  In  this  country  there  occurred  in  the  year  1 822,  the 
earthquake  which  destroyed  the  town  of  Alep,  and  with  it  no 
less  than  8000  persons,  and  which  extended  its  effects  over  a 
radius  of  fifty  leagues  *. 

Kinneir,  in  his  Memoir  on  the  Persian  Empire,  conjectures 
that  the  island  of  Ormus,  at  the  entrance  of  the  Persian 
Gulf,  may  also  be  volcanic. 

Further  north  the  extensive  chain  of  the  Caucasus  exhibits 
the  most  decided  evidence  of  recent  igneous  processes,  as  well 
as  of  others  of  a  more  remote  antiquity. 

From  the  lakes  of  Van  and  Ourmia  on  the  south,  to  the 
45th  parallel  on  the  north,  the  whole  region  comprised  between 
the  Caspian  and  the  Black  Seas  bears  throughout  evidences 
of  volcanic  operations. 

In  my  former  edition  I  was  able  only  to  bring  together  de- 
tached and  vague  notices  of  a  few  parts  of  this  remarkable 
region,  the  difficulties  of  travelling  through  which  had  in 
general  deterred  Europeans  from  exploring  any  part  of  the 
country,  excepting  that  which  might  lie  contiguous  to  the  line 
of  the  more  frequented  routes. 

These  difficulties  however  have  been  at  length  surmounted 
by  an  enterprising  Frenchman,  M.  Dubois  de  Montpereux, 
who,  aided  by  the  facilities  afforded  by  the  Russian  govern- 
ment, spent  four  years  in  threading  the  mountains  and  defiles 
of  this  extraordinary  region. 

To  him  therefore  the  glory  belongs,  of  having  first  presented 
us  with  a  systematic  view  of  the  geology  of  the  Caucasus,  as 
well  as  of  having  connected  it  with  that  of  the  Crimea,  which 
also  formed  the  subject  of  his  personal  examination. 

Sir  R.  Murchison  has  already,  in  one  of  his  addresses  to 
the  Geological  Society,  paid  a  just  tribute  to  the  energy  and 
perseverance  of  this  traveller,  as  well  as  to  the  value  of  the 
results  he  has  obtained.  I  shall  therefore  proceed  without 
further  preface  to  communicate  a  brief  statement  of  such 
parts  of  his  researches  as  bear  any  reference  to  the  subject  of 
the  present  Volume. 

It  appears  then,  that  at  a  period,  geologically  speaking,  not 
very  remote,  the  whole  region  comprehended  between  the 
Euxine   and  the  Caspian  was   covered  with  water,  which, 
*  Ferussac,  Ballet'm  des  Sciences  for  May  1825. 
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88  raBiiy  are  led  to  believe,  formed  a  vast  Mediterranean  Sea, 
GNtcncJiag  through  Central  Asia,  of  wliich  the  Lake  uf  Aral, 
the  CHBjiiaD,  and  other  large  expanses  of  water  now  existing, 
are  the  romnauts. 

The  first  movement  by  which  any  part  of  the  Caucasian 
range  was  elevated  took  place  at  the  period  of  the  fonntitiun 
of  the  Jurassic  limestone  or  oohtic  series,  anil  caused  an  i&Iand 
to  he  thrown  up  between  the  t\vo  seas.  Subsequently  to  titta 
event,  a  deposition  took  place  of  schistous  and  arentu^nus 
beds,  which,  from  such  fossils  as  Gryphites,  Humites,  Ammor 
nite-s,  and  others,  which  they  contain,  seem  capable  of  buag 
identilied  with  the  cretaceous  and  greensand  formations. 

A  ureal  eruption  of  Melaphyre*,  or  trap  porphyry,  then 
took  place,  through  the  instrumentality  ui  which,  the  chain  of 
Akhaltsikhe,  consisiing  of  the  above-named  secondary  de- 
posits, was  heaved  up  above  the  level  of  the  ivaters.  At  this 
period  then  there  would  seem  to  have  existed  u  great  tract  of 
water  north  of  tbe  Caucasian  range,  covering  the  space  now 
OCCupiird  by  those  vast  Steppes  that  intervene  between  the  two 
SMS,  in  the  45th  parallel  trom  the  Sea  of  Azof  to  Astrachan. 

South  of  this  sea  was  the  chain  of  mountains  which  had 
been  uplifted  at  the  epoch  of  the  chalk  formation ;  then 
occurred  a  straight  or  narrow  seu,  bounded,  on  the  north  by 
this  chain,  and  on  the  south  by  the  Caucasian  island  consist- 
ing of  Jura  hmestone,  the  result  of  a  previous  upheaval. 

Now  it  was  at  this  epoch  that  llie  volcanic  eruptions  began, 
by  which  the  face  of  the  country  has  been  since  so  much 
modified. 

To  the  east,  bordering  upon  the  Caspian,  the  nielaphyres 
and  porphyritic  rocks  of  Choucha  and  Kapan  were  protruded, 
and  in  connexion  with  these  are  beds  of  volcanic  cinders  and 
of  BcoriEe  mixed  with  clay,  and  of  u  conjiloinerate  in  which 
are  Helices,  filling  up  the  valley  of  Bergouchette.  The  erup- 
tion of  these  volcanic  masses  has  in  other  parts  of  the  chain 
formed  great  circular  basins,  called  by  M.  Dubois  "  amphi- 
theatres" some  of  which  now  remain  as  lakes,  whilst  others, 
previously  existing  as  such,  have  been,  in  the  course  of  time, 
filled  up  with  tertiary  deposits,  wliich  show  the  prior  date  of 
the  volcanic  rucks  by  which  they  are  encircled. 

•  Mciapliyre,  according  to  Brongninrt's  nonifiicinlurp,  is  n  ror'K.  the 
basis  of  which  Is  hornbU'Dde,  the  crysbtis  Telspar. 
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North-west  of  the  porphyries  of  Choucha  and  Kapan  is  the 
volcanic  lake  of  Sevang,  5000  feet  above  the  sea,  surrounded 
by  trappean  and  porpbyritic  formations.  Further  still  to  the 
north-west  is  the  so-called  amphitheatre  of  Somkhatie,  where 
streams  of  lava  and  of  obsidian  are  found,  which  seem  to  have 
their  source  in  the  mountain  of  Trialethi. 

South-west  of  the  lake  of  Sevang  is  the  great  volcanic  am- 
phitheatre of  Central  Armenia,  separated  from  that  lake  by 
several  conical  mountains  containing  craters.  Such  are 
Kiotang-dagh,  Agmangan,  and  Naltapa;  whilst  the  Great 
Ararat  (16,254  feet  high);  the  Little  Ararat  (12,162  feet); 
Sinak,  and  Takhaltou  to  the  south;  and  Alaghez  (12,000 
feet)  to  the  north-west,  complete  the  circus. 

Black  or  grey  lavas,  pumice  and  obsidian,  trass  or  basalt, 
mixed  with  trachytes  and  melaphyres,  here  form  the  prevail- 
ing rocks.  Passing  to  the  north-west  of  this  district,  we  find, 
on  reaching  the  river  Kotu*,  the  volcanic  amphitheatre  of  the 
High  Kour,  or  of  Akhaltsikh^,  where  augitic  lava  and  beds  of 
scorise  are  alone  seen. 

As  the  lakes  of  Van  and  of  Ourmia  have  no  outlet,  it  may 
be  conjectured  that  they  have  also  been  produced  in  the  same 
manner,  notwithstanding  the  great  size  of  each,  the  lake  Van 
being  twenty-two  leagues  long  and  fifteen  broad;  that  of 
Ouzmia  twenty-seven  long  and  eight  and  a  half  broad.  Sub- 
sequently then  to  the  formation  of  these  volcanic  amphi- 
theatres, tertiary  rocks  filled  the  hollows  in  the  midst  of 
them.  Of  these  the  lower  beds  abound  in  Nummulites,  but 
the  upper  ones  are  gypseous  and  destitute  of  shells.  In  ad- 
dition to  this,  the  basin  of  Central  Armenia  contains  vast  de- 
posits of  rock-salt,  an  additional  proof  that  a  salt-lake  formerly 
existed  there. 

All  this  succession  of  geological  epochs  appears  to  have 
preceded  the  great  elevatory  movement  to  which  the  Cauca- 
sian chain  owes  its  existence. 

It  was  then  for  the  first  time  that  Elbrous,  Passemta,  Kasbek, 
and  the  Red  Mountains  reared  their  heads  above  the  sur- 
rounding country. 

The  first  of  these,  £lbrous,  the  most  northern  of  the  four, 
and  the  one  nearest  to  the  Euxine,  is  a  vast  crater  at  once  of 
eruption  and  of  elevation.     Trachytic  porphyries  have  here 
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been  pushed  through  schistose  atiiJ  perhaps  granitic  rocVs,  ahcl 
the  secondary  beds  adjacent,  consisting  either  of  Jura  lime- 
stone or  of  chalk,  are  more  and  more  inclined  in  proportion  as 
they  approach  this  central  mass. 

Passemta  has  not  been  yet  explored,  but  its  height  is  cal- 
culated at  not  short  of  14,000  feet. 

Kasbek,  which  slands  considerably  to  the  east  of  Elbrous, 
was  also  evidently  another  focus  of  volcanic  operations. 
Streams  of  lava  proceeding  irom  it  have  been  traced  as  far  as 
the  village  of  Kasbek  situated  at  its  base. 

The  Red  Mountains  lie  above  the  village  of  Kachaonr,  on 
the  road  from  Tiflis  to  Wladikavkas.  Here  there  is  a  vast 
mural  precipice,  consisting  of  black  slaty  rocks  nine  or  ten 
thousand  feet  in  height,  on  the  summit  of  which  two  or  three 
cones  of  volcanic  materials,  called  Ironi  their  colour  the  Red 
Mountains,  are  placed.  Streams  of  lava  which  have  pro- 
ceeded from  it  fill  up  a  large  fissure  or  valley  to  a  consider- 
able height. 

North  of  Elbrous  lies  the  vast  steppe  above-mentioned, 
which  is  a  tertiary  formation  in  perfectly  horizontal  strata, 
depositetl  from  the  sea  that  once  covered  the  whole  of  the 
country  between  the  Euxine  and  Caspian.  It  is  dotted  over 
with  detached  hills,  one  of  which,  Bachetnu,  4300  feet  above 
the  sea,  is  composed  of  tnicbytic  porjihyry.  This  volcano 
however  would  seem  to  have  been  in  repose  since  the  tertiary 
period,  as  its  flanks  are  covered  with  undisturbed  beds  be- 
longing to  that  class  of  rocks,  but  surrounded  by  a  sort  of 
amphitheatre  of  hills,  which  consist  of  cretaceous  beds.  One 
of  these  hills  is  called  Machouka. 

None  however  of  the  above  mountains  presrnt  any  traces 
of  recent  eruptions.  Mount  Ararat  indeed  has  been  by  one 
traveller*  reported  to  have  emitted  flames  and  smoke  within  a 
very  late  period ;  and  the  frequent  and  destructive  earthquakes 
that  occur  in  its  neighbourhood  might  prepare  us  for  such  an 
event.  Morier  however,  who  spent  some  time  at  the  foot  of 
the  mountain,  makes  no  mention  of  the  sort ;  nor  can  any- 
thing favouring  such  an  idea  be  extracted  from  Tournefort, 
or  from  later  travellers.    The  following  account  of  the  moun- 
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tain  by  Sir  Ker  Porter  will  probably  convey  a  tolerably  correct 
notion  of  its  actual  structure : — 

"  On  viewing  Mount  Ararat  from  the  northern  side  of  the  plain, 
its  two  heads  are  seen  separated  by  a  wide  cleft,  or  rather  glen,  in 
the  body  of  the  mountain.  The  rocky  side  of  the  greater  head  runs 
almost  perpendicularly  down  to  the  north-east,  whilst  the  lesser  hea4 
rises  from  the  sloping  bosom  of  the  cleft  in  a  perfectly  conical  shape» 
Both  heads  are  covered  with  snow.  The  form  of  the  greater  is 
similar  to  the  less,  only  broader  and  rounder  at  the  top,  and  shows 
to  the  north-west  a  broken  and  abrupt  front,  opening  about  half- 
way down  into  a  stupendous  chasm,  deep,  rocky,  and  peculiarly 
black.  At  that  part  of  the  mountain  the  hollow  of  the  chasm  re- 
ceives an  interruption  from  the  projections  of  minor  mountains,  which 
start  from  the  sides  of  Ararat  like  branches  from  the  root  of  a  tree, 
and  run  along  in  undulating  progression  till  lost  in  the  distant 
vapours  of  the  plain. 

'*  The  dark  chasm  which  I  have  mentioned  as  being  on  the  side  oi 
the  great  head  of  the  mountain  is  supposed  by  some  travellers  to 
have  been  the  exhausted  crater  of  Ararat.  Dr.  Renigg  even  affirm^ 
it  by  stating,  that  in  the  year  1 783,  during  certain  days  in  the  months 
of  January  and  February,  an  eruption  took  place  in  the  mountain, 
and  he  suggests  the  probability  of  the  burning  ashes  ejected  thence 
at  that  time  reaching  to  the  south  side  of  Caucasus  (a  distance  in  a 
direct  line  of  220  wersts),  and  so  depositing  the  volcanic  productions 
which  are  found  there.  The  reason  he  gives  for  this  latter  supposi- 
tion is,  that  the  trap  seen  there  did  not  originate  in  these  mountains, 
and  must  consequently  have  been  sent  thither  by  volcanic  explosions 
elsewhere.  And  that  this  elsewhere,  which  he  concludes  to  ha!ve 
been  Ararat,  may  have  been  that  mountain,  I  do  not  pretend  to  deny^; 
but  those  events  must  have  taken  place  many  centuries  ago,  even 
before  history  took  note  of  the  spot»  for  since  that  period  we  have 
no  intimation  whatever  of  any  part  of  Ararat  having  been  seen  in  a 
burning  state.  This  part  of  Asia  was  well  known  to  the  ancient 
historians,  from  being  the  seat  of  certain  wars  they  describe ;  and  it 
cannot  be  supposed,  that  had  so  conspicuous  a  mountain  been  often 
or  ever  (within  the  knowledge  of  man)  in  a  state  of  volcanic  eruption, 
we  should  not  have  heard  of  it  from  Strabo,  Fliny,  Ptolemy,  or 
others ;  but,  on  the  contrary,  all  these  writers  are  silent  on  such  a 
subject  with  regard  to  Ararat,  while  every  one  who  wrote  in  the 
vicinities  of  Etna  or  of  Vesuvius  had  something  to  say  of  the  thun- 
ders and  molten  fires  of  those  mountains.  That  there  are  volcanic 
remains  to  a  vast  extent  round  Ararat,  every  one  who  visits  that 
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neighbourliooU  must  teslifj-  ;  and  giving  credit  to  Dr.  Heiiigg'*  U' 
sertion,  that  an  expbsiuD  of  the  mountain  bad  happened  in  hia  time, 
I  determined  to  support  fo  interesting  a  fact  with  the  evidence  of 
every  obserratioti  on  my  part,  when  I  could  reach  the  spot. 

"  But  on  arriving  at  the  monastery  uC  Eitch-mai-adzen.  where  my 
remarks  muat  chiefly  be  made,  and  discoursing  with  tte  fathere  on 
the  idea  of  Ararat  having  been  a  volcano,  I  found  thnt  a.  register  of 
the  general  appearances  of  the  mountain  had  been  regularly  kept  by 
their  predcce^ors  and  themselves  for  upwards  of  800  years  i  and  that 
nothing  of  an  eruption,  or  anything  tending  to  such  an  event,  was  to 
be  found  in  any  of  their  notices. 

"  When  I  spoke  of  an  explosion  of  the  mountain  having  talcen 
place  in  1783,  and  which  had  been  made  known  in  Europe  by  a 
traveller  declaring  himself  an  eye-witnefis,  they  n'ere  nil  in  sur- 
prise ;  and  besides  the  written  documents  to  the  contrary.  I  was  as- 
sured by  several  of  the  holy  brethren  who  had  been  resident  on  the 
plain  for  upwards  of  forty  years,  tiial  during  the  whole  of  that  period 
they  had  never  seen  even  a  smoke  from  the  mountain.  Therefore 
how  the  author  fell  into  so  very  crroneoua  a  misstatement,  I  can 
form  no  guess." 

The  ascent  of  Mount  Ararat  was  regarded  by  the  natives  as 
impoBStblc,  from  the  steepness  of  the  acclivity,  and  the  con- 
stant snows  that  cover  its  summit ;  but  it  has  been  accom- 
plished three  several  times  by  ProfesBor  Parrot  of  Dorpat, 
who  determined  its  summit  at  1^^234  feet  above  the  sea.  He 
confirms  the  fact  that  it  has  no  crater,  and  bears  no  evidence 
of  any  recent  eruption,  although  the  great  cleft  which  extends 
down  its  north-west  side  is  probably  the  result  of  some  natural 
convulsion. 

It  is  composed  entirely  of  volcanic  matter,  namely  of  black 
porphyritic  lava  with  glassy  felspar,  of  black  slaggy  lava,  of 
pitchstone  porphyry,  of  obsidian,  of  a  dark  compact  lithoide 
lava  with  red  streaks,  of  black  pumiceous  lava,  and  of  other 
varieties  of  igneous  rocks. 

It  would  seem  then,  as  its  elevation  indeed  would  alone 
lead  us  to  surmise,  to  be  a  subaqueous  volcano,  but  one  of 
extreme  antiquity,  and  retaining  no  traces  of  the  volcanic 
movements  by  which  its  constituents  have  been  brought 
together  into  their  present  position. 

Kinneir  also  notices  a  mountain  called  Sapan  Dagh,  which, 
he  says,  is  conical,  and  has  every  appearance  of  being  volcanic. 
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It  is  situated  near  the  lake  of  Van^  in  Armenia,  between 
Erzerum  and  Betlis.  Quantities  of  obsidian  are  found  along 
the  borders  of  the  lake*. 

This  mountain  has  been  since  explored  by  Mr.  Brantf, 
who  determined  its  height  to  be  10,000  feet  above  the  sea, 
and  consequently  nearly  5000  feet  above  the  lake  of  Van  ;  it 
has  a  crater  on  its  summit,  and  is  composed  of  basalt,  sconce, 
^•,  but  is  not  known  to  have  ever  had  an  eruption. 

M.  Dubois  indulges  in  some  bold  speculations,  with  respect 
to  the  consequences  that  may  have  resulted  from  the  bursting 
of  some  one  of  those  great  lakes,  which  we  have  seen  to  lie  at 
so  great  an  elevation  above  the  sea,  in  the  midst  of  the  great 
mountainous  tract  of  the  Caucasus, 

Some  such  event  as  this  he  conceives  competent  for  the 
production  of  an  aqueous  inundation,  sufficiently  wide-spread- 
ing to  have  swept  off  the  face  of  the  earth  all  the  inhabitants 
of  the  plain  of  Mesopotamia,  the  cradle  of  the  human  race^ 
and  thus  to  have  brought  about  such  a  deluge  as  the  one 
which  the  Scriptures  record,  supposing  that  catastrophe  to 
have  been  no  more  than  co-extensive  with  the  limits  within 
which  mankind  was  at  the  time  circumscribed. 

Into  these  speculations  I  will  not  venture  to  follow  him,  but 
must  point  out  another  system  of  operations  which  has  been 
going  on  for  a  long  time,  and  which  is  at  present  creating  very 
extensive  alterations  in  the  relations  between  the  sea  and  land. 

These  are  the  mud-volcanos,  as  they  are  called,  which  con- 
tinue even  at  the  present  time  in  an  active  state  on  either  side 
of  the  strait  through  which  the  waters  of  the  Sea  of  Azof 
empty  themselves  into  the  Euxine,  being  met  with  both  in 
the  peninsula  of  Taman,  and  on  the  coast  of  Asia  opposite.  . 

The  mud-volcano  of  Taman  is  described  by  Pallas^  as  rising  in 
the  midst  of  a  tongue  of  land  rather  more  than  two  wersts  from 
the  bay  which  bears  that  name.  It  is  a  small  hillock  about  thirty- 
eight  toises  in  height,  and  300  toises  at  its  base.  There  was  on  its 
summit  a  cleft,  from  which  proceeded  in  the  year  1 794  smoke,  and  a 
column  of  fire  fifty  feet  high  and  thirty  in  circumfierence.     Vast 

*  Kinneir's  Travels  in  Asia  Minor,  p.  374. 

t  Geograph.  Journ.  vol.  x.  p.  409. 

X  Travels  in  the  Crimea,  vol.  ii.  p.  345. 
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quantitiee  of  mud  were  thrown  up  from  this  aperture  witli  consider- 
able force,  and  a  Btreain  of  mud  flowed  dawn  the  hlli  cbarged  with 
bitumen.  Palltu^,  when  he  visited  the  sput,  estimated  the  quantity 
of  mud  on  the  summit  of  the  mountain  at  100,000  cubic  feet,  aad 
observed  aevera!  streams  of  the  some  extending  down  the  sides  of  the 
hiUock,  the  broadest  and  thickest  of  which,  from  its  origin  to  the 
base  of  the  hill,  might  measure  400  toisea.  These  streams  of  mud 
have  in  certain  cases  proceeded  some  distance  along  a  plain  at  the 
foot  of  the  bill,  encircling  any  little  rising  ground  that  might  lie  in 
their  way,  so  that  the  latter  appear  like  islands  standing  out  in  the 
midst  of  a  deluge  of  mud. 

The  matter  thus  ejected  has  a  very  uniform  appearance  through- 
out, having  the  aspect  of  an  unctuous  clay,  of  a  bluish  colour,  aad 
with  little  sparkling  points  of  mica  disseminated.  Crystals  of  pyrites 
are  found  in  the  midst  of  it,  and  a  saline  effloreacence  is  seen  cover- 
ing its  surface.  Wlien  wetted  it  becomes  ductile,  but  when  dry  it 
cracks.  FiBgmenta  of  stone.are  sometimes  imbedded,  which  couuat 
Of  slate  BometimcE  effervescing  from  the  admixture  of  lime,  of  lime- 
stone of  different  kinds,  of  oiiide  of  iron,  and  of  claystones  of  various 
descriptions. 

The  abyss  from  which  this  mass  of  mud  had  been  vomited  Wfts 
covered  with  a  hardened  crust,  hut  a  bubbling  like  that  of  a  closed 
caldron  was  audible  from  below. 

Now  there  is  nothing  here  stated  to  dislingui,=h  tiie  phaenomena, 
except  in  degrer,  from  those  of  the  mud -volcano  of  Macaluba  already 
described,  nor  is  there  any  similarity  between  the  products  evolved 
and  those  of  a  genuine  volcano.  It  is  distinctly  stated  that  the  mud 
was  not  hot,  nor  do  the  stones  ejected  appear  to  have  been  subjected 
to  the  action  of  any  considerable  temperature. 

M.  de  Vemeuil,  the  most  recent  traveller  who  has  described  these 
mud-volcanos,  whilst  he  impresses  us  with  an  idea  of  their  importance 
as  geological  agents,  says  nothing  calculated  to  change  our  opinion 
with  respect  to  their  nature. 

He  states  that  In  the  peninsula  of  Taman,  and  on  the  eastern  side 
of  the  Crimea,  the  country  is  covered  with  hills  of  a  conical  form 
more  or  less  regular,  which  rise  to  the  height  of  250  feet,  and  owe 
their  origin  to  eruptions  of  mud.  These  eruptions  are  accompanied 
by  subterranean  noises,  jets  of  viscous  matters  carried  to  a  great 
height,  quakings  of  the  ground,  evolutions  of  gas  and  flame,  smoke, 
and  springs  of  water  charged  with  bitumen. 

The  position  of  this  system  of  mud-volcanos  at  the  western  extre- 
mity of  the  Caucasus  corresponds  exactly  with  that  of  the  simitar 
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phsenomena  at  Baku,  met  with  on  the  eastern  extremity  of  the  chain 
near  the  Caspian.  Now  the  operation  of  these  mud-volcanos  has 
in  the  course  of  ages  brought  about  great  changes  in  this  part  of  the 
continent  of  Asia.  It  seems  probable,  as  M.  Dubois  de  Montpereux 
has  represented,  that  at  one  period  the  Chersonesus  was  a  cretaceous 
promontory,  separated  by  a  wide  expanse  of  sea  from  a  similar  pro- 
montory of  the  Caucasian  chain,  a  few  intermediate  coral  islands 
alone  serving  to  connect  them. 

Gradually  however,  by  the  operation  chiefly  of  mud-volcanos,  so 
great  a  number  of  small  islands  have  been  thrown  up,  that  the  pre- 
sent strait  is  nearly  blocked  up  with  them,  and  the  configuration  of 
the  country  accordingly  does  not  accord  even  with  what  it  was  so 
late  as  the  time  of  Strabo*.  Thus  round  the  island  of  Taman, 
which  seems  itself  to  owe  its  origin  to  mud -eruptions  of  an  early 
period,  are  grouped  several  others,  the  number  of  which  is  gradually 
increasing  owing  to  the  same  causes  constantly  at  work. 

That  some  of  the  islands  alluded  to  have  been  upheaved  within 
the  historic  aera,  may  be  inferred,  says  Sir  Roderic  Murchison,  from 
the  fact,  that  on  the  walls  of  the  fortress  of  Sudal,  near  Theodosia, 
in  the  Crimea,  we  saw  stones  procured  from  coast- cliffs  which  con- 
tained shells  of  Cardium  edule  and  Mytilns  edulis  now  living  in  the 
adjacent  Black  Sea,  and  which  we  are  disposed  to  think  must  have 
been  thrown  up  on  the  line  of  the  eruption  of  the  mud-volcanos,  and 
parallel  to  the  axis  of  the  Caucasus. 

In  the  year  1814  an  island  is  stated  to  have  made  its  appearance 
suddenly  in  the  Sea  of  Azof,  owing  probably  to  the  same  causes. 

The  account  given  states,  that  on  the  10th  of  May  in  that  year  a 
frightful  noise  was  heard  in  the  sea,  round  a  distance  of  200  toises. 
Flames  rose  from  the  water,  accompanied  by  explosions  as  loud  as 
those  of  a  cannon.  A  thick  smoke  was  blown  about  by  the  violence 
of  the  wind,  and  enormous  masses  of  earth  were  seen  thrown  up  in 
the  air,  together  with  large  stones. 

Ten  eruptions  of  this  kind  took  place  at  intervals  of  a  quarter  of  an 
hour.  Similar  phaenomena  continued  during  the  night.  There  then 
rose  out  of  the  sea  an  island,  which  threw  out  from  several  apertures 
a  muddy  substance  that  acquired  by  degrees  some  consistency. 

During  this  time  a  remarkable  smell,  which  had  nothing  of  a  sul- 
phureous nature,  was  perceived  over  a  space  of  ten  werats.  On  the 
20th  of  April  a  nearer  examination  of  the  island  was  undertaken,  and 
it  was  found  almost  inaccessible,  being  surrounded  on  all  sides  with 

*  See  this  illustrated  in  the  atlas  of  maps  attached  to  Dubois  de  Mont- 
pereux's  great  work. 
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hardeoed  mud.     When  they  bad  st  last  succeeded  i 
interior  of  the  islwul,  iu  height  above  the  level  of  the  & 
to  be  a  toiw  and  a  half,  and  its  suKace  was  seen  t 
covered  with  a  stony  material  of  a  whitish  eolour*. 

Pallas  relates  a  similar  event  as  occuiring  in  the  year  1 799,  in  the 
Sea  of  Azoi  opposite  to  Temish  :  and  it  ia  probable  that  the  ieland 
which  An»totlet  notices  as  having  made  its  appearance  otF  the  cosat 
of  Pontus,  was  due  to  the  operation  of  mud-valcanos. 

At  Baku  J,  a  town  situated  oa  a  small  peninsula  which  stand*  out 
on  the  western  side  of  the  Caspian  Sea,  forming  a  soit  of  advanced 
post  of  tiie  Russian  dominions,  phsnontena  occur  of  the  some  da- 
acription,  the  rocks  consisting  chiefly  of  a  bituminous  shale,  wluch 
is  in  some  places  so  impregnated  with  petroleum,  that  wells  an 
sunk  for  the  purpose  of  obtaining  it,  ^m  some  of  which  as  much  M 
1000  or  1500  pounds  are  daily  obtained.  It  is  natural  that  a  fonnK- 
tion  of  this  kiad  should  give  rise  to  certain  pseu do- volcanic  phsno- 
mena,  and  1  believe  tliat  all  the  facts  related  by  travellers,  which 
have  led  to  the  notion  of  volcanic  Etction  existing  there,  may  be  re- 
ferred  to  this  cause. 

Hence  we  may  explain  the  perpetual  emission  of  inflammable  ga^ 
which  has  given  to  this  spot  such  a  sacrednesB  amongst  the  fii«- 
worshipers  of  the  East,  and  which  consists,  not  of  sulphuretted  hy- 
drogen, as  is  the  case  in  genuine  volcano^,  but  of  some  form  of  car- 
buretted  hydrogen  gas. 

Here  too,  as  in  the  Black  Sea,  we  hear  of  earthquakes,  subterra- 
nean thunder,  the  elevation  of  great  districts  of  country,  and  jets  of 
flame  rising  to  a  considerable  height,  but  of  short  duration.  When 
the  mud-volcano  of  Johmah,  on  the  peninsula  of  Abscheron,  east  of 
Baku,  was  first  formed  on  the  27th  of  November  1827,  flames  blazed 
up  to  an  extraordinary  height  for  a  space  of  three  hours,  and  during 
the  following  twenty  hours  they  rose  about  three  feet  above  the 
crater,  from  which  mud  was  ejected.  Near  the  village  of  Balilichli, 
west  of  Baku,  the  column  of  flame  rose  so  high  that  it  could  be  seen 
at  a  distance  of  twenty-four  miles.  Enormous  fragments  of  rock, 
torn  doubtless  from  depths,  were  hurled  to  a  great  distance  round§. 

"  Leonhard.  Taschenb.  der  Mineral,  x.  p.  470. 

t  nrpi  KiTta/H^v. 

X  See  the  account  of  this  locftlitj'  by  Prof.  Eichwald  of  Wilna,  in  Jame- 
son's Journal  for  April  1S33.  He  says  that  they  ought  to  be  called  napbtha- 
volcanos  rather  than  mud-volcanos,  as  they  always  terminate  in  a  large 
emission  of  naphtha. 

{  Humboldt's  Cosmos. 
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The  above  fiacto  will  be  sufficient  to  show  that  the  subject  of  mud- 
volcanos,  or  Salses  as  they  are  often  called,  deserves  a  place  in  a  work 
which  professes  to  give  a  general  description  of  voleanic  phsenomena. 
They  indicate  that  the  operation  of  these  agents,  bf  it  what  it  may, 
acts  no  unimportant  part  in  modifying  the  relations  between  the  sea 
and  land;  and  although  I  have  not  concealed  my  own  suspicions 
that  their  cause  may  be  different  from  that  of  genuine  ifolcanos,  yet 
my  readers  will  naturally  be  swayed  by  the  high  authorities  who 
have  arrived  at  an  opposite  conclusion. 

"  The  opinion,"  says  Sir  R.  Murchison*,  "  we  formed  oq  the  spot, 
that  these  mud-volcanos  have  a  deep  seat,  and  are  as  &tcAf  con- 
nected with  internal  igneous  agency  as  any  other  geological  pb(ipno« 
menon  of  eruption,  is,  we  think,  sustained,  not  only  by  their  Mten- 
sion  over  a  tract  200  wersts  in  length,  that  line  of  direction  hfiag 
coincident  with  the  fires  of  Baku  and  other  mud-eruptions  of  tte 
Caspian,  but  above  all  by  the  occurrence  of  fragrments  of  limestomi 
and  shale  (unlike  any  portions  of  the  surrounding  strata)  which  they 
have  ejected  with  their  mud  and  scoriae. 

"  These  mud-volcanos  are  therefore  in  our  estimation  the  last  rem- 
nants of  ancient  and  more  intense  igneous  action,  by  which  enormous 
masses  of  sedimentary  matter  have  been  hurled  up  in  former  epochs 
to  constitute  the  lofty  Caucasus." 

In  the  chain  of  Elburs,  which  bounds  the  Caspian  Sea  on 
the  souths  there  occurs  a  lofly  mountain  called  Demavend, 
which  has  long  been  noted  as  a  volcano;  and  as  the  Greeks 
attributed  the  agitations  of  Mount  Etna  to  the  giant  Typhoeus 
burned  under  it,  so  the  Persians  believe  that  Zohag^  one  of 
their  sovereigns  remarkable  for  his  tyrannies^  after  being 
conquered  by  Feridoun,  the  ancestor  of  Zoroaster^  was  im- 
|Nrisoned  in  this  mountain  f. 

Feridoun  appears  to  have  been  a  personification  of  the 
good,  as  Zohag  was  of  the  evil  principle^  being  confounded 
with  Ahriman ;  and  if  we  were  disposed  to  follow  Buffon  in 
the  fanciful  picture  he  has  drawn  in  his  'Epoques  de  la 
Nature  j:'  of  the  early  state  of  the  worlds  which  he  supposes 
to  have  been  at  first  so  subject  to  the  ravages  of  fire  as  to  be 

*  Russia. 

f  Zend-Avesta,  translated  by  Anquetil  du  Perron,  vol.  i.  part  iii.  p.  422, 
and  vol.  ii.  p.  410.  Morier,  in  his  Travels  in  Persia,  vol.  ii.  p.  355,  gives 
rather  a  different  version  to  the  tale.  My  readers  will  recollect  other  par- 
ticulars respecting  Zohag  in  the  novel  of  the  Talisman. 

t  Page  355. 


■■fit  far  the  wiinittwnce  of  ammal  Ute,  we  mi^t  thea 
teagioe  tbc  eonliiinnent  of  Zofaofr  within  the  entrails  of  Uie 
noaattdn  to  hmv  been  trpical  of  the  gradual  dtminutHMi  of 
the  rolonic  action,  which  rendered  the  countij  more  aiid 
iDore  fitted  fur  the  habitation  of  man. 

The  aualoey  betweea  the  Per^an  Zobag  and  the  Greek 
lyphona  hekb  good  in  other  rcspecta :  as  Zohag  was  figured 
wiA  •  aeipeat  grawiiq;  out  of  either  shoulder,  ivhkh  he  was 
obliged  to  feed  with  hnman  blood,  ao  Typhceua  is  dcacnbed 
with  •  hundred  Miakct,  or  a  snake  with  a  fauodred  heads, 
proceeding  from  the  same  part : — 

H*  luarar  H^oXot  a^tm,  itaoai  ipanarrot, 
rXmVT^t  hro^pgtn  X.cX(i;fp>Tit. — Hesiod,  e.  811. 

Conbrmably  with  this  legend,  Olivier  found  on  Denuvend 
lara  and  cotutnnar  basalt;  Morier  states  that  it  is  reported 
•omettinea  to  unit  smoke,  and  that  the  circumstance  of  find- 
ing aulpbur  in  small  craters  near  the  base  of  the  mountain 
might  lead  to  the  conclusion  that  the  cone  is  itself  volcanic. 
It  appears  that  a  considerable  commerce  in  sulphur,  as  weD 
as  saltpetre,  is  carried  on  from  it. 

In  September  1837  this  mountain  was  ascended  by  Mr. 
Taylor  Thomson  *.  who  determined  the  approximate  height  by 
barometrical  measurement  at  14,800  feet.  The  last  100  feet 
from  the  summit  was  a  mass  of  pure  sulphur,  in  which  was 
a  cave  possessing  a  high  temperature  from  the  steam  and  sul- 
phureous vapour  which  pervaded  it.  It  is  stated,  that  on  the 
west,  below  the  cone,  is  a  large  inclined  plain  covered  with 
pumice  and  scoria;,  and  having  a  dark  basaltic  rock  starting 
up  through  them  to  the  surface.  Mr.  Thomson  calls  it  ffreen- 
slone  coloured  with  iron. 

This  rock  however  docs  not  continue,  at  least  on  the  side 
which  Mr.  Thomson  ascended,  far  down  the  flanks  of  the 
mountain ;  it  is  succeeded  by  a  limestone  rock  for  a  thickness 
of  about  1200  feet,  underneath  which  is  a  sandstone  belong- 
ing to  the  coal  formation  for  about  1000  feet,  and  at  the 
base  of  the  mountain  culcarcous  tufa.  Here  hot  springs  of 
the  temperature  of  148°  of  Fahr.  occur  very  abundantly. 

*  Jcmrn.  Geogr.  Rnc.  vol.  viii.  p.  109. 
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J  Upon  the  whole,  it  does  not  distinctly  appear  to  what 
class  of  volcanic  rocks  Demavend  must  be  referred.  The 
structure  of  the  mountain  as  given  by  Mr.  Thomson  is  quite 
an  unusual  one ;  the  presence  of  such  an  accumulation  of 
sulphur  on  the  summit  is  unexampled,  and  it  is  not  distinctly 
stated  whether  there  exists  on  the  top  a  real  volcanic  crater, 
or  only  a  hollow  which  might  be  formed  either  naturally  or 
artificially  in  a  mass  of  sulphur  penetrated  by  hot  vapours. 


Level  of  Teheran  4000  feet. 


Section  of  Mount  Demavend, 


.  Morier  further  mentions  traces  of  the  action  of  fire,  extend- 
ing south  of  this  point,  between  Teheran  and  Ispahan,  and 
near  Tabriz ;  and  Olivier  makes  the  same  observation  respect- 
ing this  neighbourhood,  noticing  particularly  the  country  about 
Sava  and  Cashan. 

In  those  extensive  regions  that  intervene  between  Persia 
and  the  Indus  I  know  of  no  volcanic  mountains  of  a  late  date, 
but  earthquakes  appear  to  be  frequent  and  violent. 

With  one  of  these,  which  occurred  at  Jellalabad  during  Sir 
R.  Salens  gallant  defence  of  that  city,  at  the  time  of  the  dis- 
astrous retreat  from  Cabool,  history  has  made  us  familiar,  and 
various  notices  respecting  those  in  the  Cabool  valley  may  be 
collected  from  the  reports  of  Burnes  in  the  'Journal  of  the 
Asiatic  Society,'  'Vigne's  Travels,'  &c.  * 

*  They  have  been  all  brought  together  in  a  valuable  Memoir  by  Lieut. 
Baird  Smith,  on  Indian  Earthquakes,  Journ.  Asiatic  Society  of  Bengal, 
vol.  xii.,  which  contains  numerous  facts  well- worthy  of  notice  relative  to 
this  subject. 
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According  Ut  one  writer"",  "a volcano  exisla  in  the  Hiucureh 
muiintains  to  the  westward  of  C'abool.  All  Afghanutui  gives 
indication  of  ^-iolent  volcanic  action,  and  the  country  from 
the  Kojuck  range  to  beyond  the  Helmund  may  be  termed  a 
volcanic  district,  the  mountaius  being  usually  accompanied 
along  the  base  by  a  low  range  of  basaltic  or  other  trap 
rocka," 

In  the  Valley  of  Cashmere  also  earthquakes  are  common^ 
and  according  to  Mr.  Moorcroft,  the  traditions  of  the  country 
assert,  that  the  whole  of  Cashmere,  intending  thereby  the 
principal  line  of  valley,  was  originally  one  large  lake ;  and  the 
aspect  of  the  country  confirms  the  truth  of  this  legend,  the 
subsidence  of  the  waters  being  distinctly  defined  by  borizontal 
lines  on  the  face  of  the  mountains.  Indications  of  volcanic 
action  are  frequent :  hot  springs  for  instance  are  numerous. 

Dr.  Falconer  states  that  a  singular  "field  of  fire"  exists  io 
the  valley,  of  considerable  dimensions,  and  through  crevices, 
in  which  flames  continually  issue.  The  outlines  of  this  vol- 
canic tract  are  distinctly  defined,  and  the  action  appears  to 
be  strictly  local. 

It  baa  continued  now  for  upwards  of  two  centuries,  sa  the 
existence  of  thia  remarkable  spot  is  certified  by  Abul  Fazil, 
the  learned  minister  of  the  Emperor  Akhcr,  Mr,  Moorcroft 
(p.  277)  mentions  a  hill  witliin  three  days' journey  of  the  city 
of  Cashmere,  from  which  loud  explosions  are  heard  at  inter- 
vals, accompanied  by  the  escape  of  gaseous  matter,  with  force 
sufficient  to  tear  off  the  doors  and  windows  of  buildings  situ- 
ated upon  it.  There  was  nothing  on  the  hill  resembling  a 
crater,  but  the  inhabitants  on  the  spot  asserted  a  distinct 
recollection  of  the  explosions. 

Captain  Vickary,  in  his  Report  on  a  portion  of  the  Beloo- 
chistan  Hills  (Quarterly  Journal  of  the  Geological  Socie^, 
No.  7),  states  that  the  nummulitic  formation  which  there 
occurs  is  broken  by  many  small  hills  of  a  conical  shape  com- 
posed of  calcined  clays  of  various  colours,  containing  sulphur 
and  scoriae,  and  that  these  seem  to  have  been  volcanic  vents, 
emitting  gaseous  vapours,  and  perhaps  occasionally  ejecting 
stones,  but  never  lava.  Tepid  springs  occur  in  tfae  same 
range.  In  an  oral  communication  made  by  Dr.  Falconer  to 
*  l.Lcut.  BaJrd  Smilh. 
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the  Geological  Society,  it  was  stated,  that  in  one  of  the  passes 
through  the  mountain-chain  traversed  by  our  troops  in  the 
disastrous  retreat  from  A%hani8tan,  a  river  of  considerable 
size  is  lost  underground,  but  that  it  seems  to  come  to  day 
again  about  two  miles  further,  in  the  form  of  a  copious 
thermal  spring,  indicating  the  existence  of  volcanic  heat 
underneath* 

I  shall  now  proceed  to  some  mention  of  the  volcanic  ap- 
pearances remarked  in  Hiudostan,  as  having  probably  some 
connexion  with  those  we  have  just  been  considering,  inas* 
much  as.  they  occur  for  the  most  part  in  its  northern  and 
north-western  portion,  and  have  not  been  discovered  in  any 
great  degree  of  development  in  other  parts  of  the  peninsula^, 

I  |iad  noticed  in  my  former  edition  that  the  island  of  Sal- 
setti  near  Bombay  was  basaltic,  and  that  in  the  elevated  tabie- 
lana  of  Malwa,  which  stretches  across  the  country  between 
thf^  parallels  of  21*30^  and  24^  of  north  latitude,  the  rocks 
wtte  principally  of  trap*.  In  both  instances  however  there 
appeared  to  be  nothing  in  the  character  or  position  of  the 
rocks  themselves  that  indicated  a  recent  origin. 

Nevertheless  Captain  Newbold,  in  his  ^  Summary  of  the 
Geology  of  Southern  India/  states,  that  the  deep  and  almost 
semicircular  indentation  forming  the  safe  and  commodious 
harbour  of  Bombay,  embracing,  like  the  crater-bay  of  Santo- 
rino,  many  beautiful  islets,  may  have  once  formed  the  side  of 
a  mter  of  subsidence.  The  whole  of  these  islets  and  the 
high  land  by  which  they  are  encompassed  are  chiefly  of  basalt, 
aqd  amygdaloid ;  but  no  decidedly  volcanic  products,  such  as 
pumice^  sconce,  lapilli,  pitchstone,  obsidian,  &c.,  have  been 
found. 

That  some  part  of  this  trap  formation  overspreading 
Central  India  has  been  erupted  in  the  open  air,  is  evident, 
.  Capt.  Newbold  thinks,  from  the  lacustrine  deposits  it  has  in- 
vaded between  Hydrabad  and  Nagpore,  like  the  Eocene  basalts 
of  Auvergne ;  but  the  greater  part  of  it  must  have  made  its 
appearance  under  circumstances  of  great  pressure,  and  in  the 
bed  of  the  ocean.     This  may  be  inferred  from  the  absence  of 

*  Malcolm't  Central  India,  vol.  ii.  Appendix,  on  the  authority  of  Captain 
Dangerfield. 


conea  and  craters  of  elevation,  its  usual  compact  structure, 
Ute  want  of  conformity  of  the  trap  to  the  lowest  level  of  the 
existing  ralleys,  and  the  occasional  intercalation  of  manDC 
shells. 

It  appears  also  from  Captain  Dangerfield's  account*,  that 
some  of  the  hills  in  the  Vindhya  range,  and  in  the  neigh- 
bouring wild  tract  of  Ragpecplce,  have  on  their  summits  hol- 
lows which  resemble  crater-lakes.  Malcolmt  cites  the  lake 
of  Lonar  as  a  crater,  and  from  the  drawing  of  it  given  in 
the  '  Asiatic  Journal,'  there  can  be  little  doubt  that  such  is 
the  case. 

We  have  also  within  a  few  years  obtained  from  Captain 
Grant!  *  detailed  account  of  the  geology  of  the  province  of 
Cutch,  situated  between  22°  and  24°  of  north  latitude,  and 
therefore  parallel  with  the  central  table-land  above  noticed, 
and  about  two  degrees  north  of  Bombay,  from  which  it  would 
appear,  that  igneous  action  has  taken  place  in  that  quarter  in 
modern  times,  and  that  one  of  the  supposed  consequences  of 
latent  volcanic  forces  undcrneati)  is  manifesting  itself  even  at 
present,  in  the  gradual  upraising  of  a  tract  of  country  above 
the  level  of  the  sea,  as  well  as  in  the  submergence  of  another 
adjacent  district. 

The  igneous  rocks  of  Cutch  are  of  two  kinds,  basaltic,  and 
scoriaceous  or  cellular. 

The  basaltic  appear  to  have  been  protruded  through  the 
medium  of  dykes  in  the  midst  of  secondary  and  tertiary  beds, 
which  both  exhibit  signs  of  great  disturbance  where  in  con- 
tact with  the  ignigenous  rock. 

They  are  also  found  to  alternate  repeatedly  with  strata  be^ 
longing  to  the  upper  secondary  formation,  which  is  supposed 
to  correspond  to  our  oolite,  and  consists  of  slate-clay,  lime- 
stone-slate, calcareous  grit,  and  other  similar  rocks. 

In  other  cases  repeated  alternations  of  basalt  with  travertin 
occur,  showing  still  more  decisively  that  long  inter\'als  of  time 
must  have  elapsed  between  the  several  igneous  eruptions. 

The  basalt  is  often  highly  compact  and  columnar,  but  some- 
times contains  nests  of  zeolite,  which  where  they  have  fallen 

'  Malcolm's  Central  Asia.  vol.  ii. 
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out  have  left  vesicular  cavities.    Rock-crystal  and  calc-spar  is 
likewise  found  in  the  basalt. 

The  principal  mass  of  igneous  rocks  lies  towards  the  south- 
em  department  of  the  province,  and  formti  a  group  of  hilld 
called  the  Doura  range ;  but  near  the  shores  of  the  Runn,  a 
great  inland  estuary  which  will  be  afterwards  described,  oc- 
curs an  extinct  volcano  called  Denodur  Hill.    On  the  summit 
of  this,  which  is  the  highest  eminence  in  the  country,  an  irre- 
gular crater,  it  is  said,  is  still  visible ;  but  the  structure  of  the 
g^ountain,  as  described  by  Capt.  Grant,  does  not  well  accord 
with  this  representation,  for  it  appears  to  be  made  up  in  part 
of  loose  sandstone  and  calcareous  grit,  containing  angular 
fragments  of  basalt  imbedded,  whilst  a  perpendicular  wall  of 
basalt  continues  apparently  all  round  the  top,  and  a  streani 
of  the  same  material  runs  past  its  north-western  flank  and  in 
other  places.     Small  conical  hills,  composed  of  horizontal 
layers  of  limestone  grit  or  of  basalt,  are  scattered  over  its 
sides.     I  have  been  particular  in  describing  this  mountain, 
as  it  is  stated  in  a  work  of  authority*  to  have  been  in  a 
state  of  active  eruption  in  1819,  during  the  continuance  of 
the  tremepdous  earthquake  which  the  country  at  that  time 
experienced.    That  it  emitted  flames  on  this  occasion  may  be 
believed  on  the  testimony  of  the  inhabitants,  but  this  in  itself 
is  no  proof  of  the  existence  of  a  volcano,  as  the  same  has  been 
known  to  issue  during  earthquakes  from  various  rocks  pos- 
sessing nothing  of  an  igneous  character.    Nor  were  any  traces 
of  recent  disturbance  perceived  by  Captain  Grant  when  he 
visited  the  spot  subsequently. 

Other  isolated  hills  scattered  over  this  part  of  the  province 
appear  to  be  similarly  constituted,  but  more  evident  proofs  of 
recent  outbursts  are  afforded  at  the  village  of  Wagi-ke-Padda, 
at  a  distance  of  thirty  or  forty  miles  from  the  hill  of  Denodur, 
where  a  high  table-land  composed  of  nummulitic  marl,  flanked 
by  low  irregular  hills  of  ironstone  and  gravel,  is  moulded  into 
a  kind  of  flat  basin,  of  which  the  margin  is  broken  into  fis- 
sures, whilst  the  interior  is  interspersed  with  hillocks  and 
cones  of  scoriaceous  matter  like  the  refuse  of  a  furnace.  Ifi 
the  centre  of  this  basin  are  several  circular  spaces,  like  small 
craters,  surrounded  by  walls  of  basalt,  but  more  or  less  broken 

•  Mr.  Ly ell's  Geology. 
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away.    A  talus  of  volcanic  sand  covci-s  it  nt  its  base, 
of  these  the  basalt  is  of  a  columnar  character. 

These  and  similar  outbursts  which  appear  to  have  occurred 
at  a  recent  epoch  tnay  account  for  the  remarkable  change  of 
level  that  has  taken  place  in  that  low  tract  called  the  Runn, 
which  has  before  been  alluded  to.  This  district,  occupying 
an  area  of  upwards  of  7000  square  miles,  is  dry  the  grater 
part  of  the  year,  but  during  the  prevalence  of  the  south-west 
winds  it  is  covered  with  sea-water,  blown  up  the  Gulfof  Cutch 
with  which  it  is  in  communication,  so  as  to  be  passable  only 
by  camels,  and  in  some  seasons  with  difficulty  even  by  them. 
Now  a  tradition  exists  that  the  whole  of  this  tract  ^vas  up- 
heaved about  three  centuries  ago  by  an  earthquake,  previously 
to  which  there  had  been  depth  of  water  sufficient  for  ships  to 
ride  in  the  now-called  Kuon ;  and  Uiis  is  rendered  more  cre- 
dible by  what  occurred  during  the  earthquake  of  1819,  when 
a  tract  arbund  Sindree,  in  the  immediate  neighbourhood  of 
the  Runn,  for  a  distance  of  sixteen  miles  on  each  side  of  the 
fort,  subsided,  so  as  in  a  few  hours  to  be  converted  from  dry 
land  into  sea.  At  the  same  time  the  contrary  effect  took 
place  within  the  distance  of  five  miles  from  Sindree,  a  long 
elevated  mound  being  raised  where  there  had  been  previously 
a  low  and  level  plain,  fifty  miles  in  length,  sixteen  in  breadth, 
and  eighteen  feet  high. 

These  facts  may  well  prepare  us  to  believe  that  the  whole 
of  the  Runn  was  thus  elevated,  and  this  is  further  corrobo- 
rated by  the  discovery  of  pieces  of  iron,  ship-nails,  and  even 
in  one  instance  a  boat,  buried  under  alluvium  in  the  midst  of 
this  now  sandy,  half. submerged  district. 

Captain  Grant  also  points  out  some  singular  walls  of  rock 
traversing  the  surface  of  the  Runn,  which  appear  to  have  been 
thrown  up  above  the  general  level,  and  confirm  the  idea  of  an 
upheaval  having  taken  place. 

This  earthquake  extended  to  Ahmadhabad,  where  it  proved 
very  destructive,  and  was  sensibly  felt  at  Poonah,  a  town  400 
miles  further  off.  The  town  of  Bhoor,  in  the  immediate  vici- 
nity of  the  RuDD,  was  destroyed. 
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CHAPTER  XXII. 

VOLCANOS  OF  CENTRAL  ASIA. 

Reports  as  to  volcanos  near  Khoutch^,  north  of  Bokhara — ^at  Mount  Tar- 
bogatai— at  Mount  Tourfan. — Humboldt's  opinion. — Erman's  doubts  as 
to  the  existence  of  real  volcanos. — Reports  of  volcanic  phsenomena  in 
China. 

In  Central  Tartary  we  have  long  had  obscure  notions  as  to  the 
existence  of  volcanos,  and  M.  Ferussac  has  taken  the  trouble 
of  collecting,  in  a  number  of  the  *  Bulletin  des  Sciences**  for 
1824,  the  principal  particulars  that  had  been  transmitted  to 
us  respecting  them  up  to  that  period. 

It  would  appear  from  bis  report,  that  at  the  north  of  Khouei-tbsu, 
and  on  the  southern  frontier  occupied  at  the  close  of  the  first  cen- 
tury of  the  Christian  aera  by  the  Hioungnou  Turks,  driven  westward 
by  the  Chinese,  there  rises  a  burning  mountain  called  Ho-chan,  the 
Mountain  of  Fire.  On  one  side  of  this  mountain,  add  the  accounts, 
all  the  stones  are  in  a  burning  and  melted  state,  and  flow  to  a 
distance  of  some  tens  of  li  (i.  e.  leagues).  This  melted  mass  after- 
.wards  becomes  cold  and  hard,  llie  inhs^bitants  of  the  country  use 
for  medicine  the  lava,  or  more  probably  the  saline  particles  mixed 
with  it.     Sulphur  is  also  met  with. 

A  Chinese  writer  of  the  seventh  century,  in  speaking  of  Khouei- 
thsu,  says : — At  200  li  (20  leagues)  north  of  this  town,  there  is  a 
white  mountain,  which  is  called  Aghie.  Fire  and  smoke  continually 
proceed  from  it ;  it  is  from  thence  that  the  sal  ammoniac  comes. 

The  ancient  town  of  Khouei-thsu  is  the  town  of  Khoutch^  of  the 
present  time,  situated  in  41^*37  north  latitude,  80^*35  east  longitude, 
according  to  the  observations  of  the  missionaries  sent  towards  the 
middle  of  the  last  century  to  prepare  a  map  of  it  Tliis  volcano, 
which  forms  a  part  of  the  snowy  chain  of  the  celestial  mountains, 
(Tbian-Chan)  must  therefore  be  found  nearly  in  42^*35  of  north 
latitude.  It  is  probably  the  same  which  has  at  present  the  name  of 
Khalar.  According  to  the  account  of  the  Boukharies,  who  bring 
the  sal  ammoniac  to  Siberia  and  Russia,  the  latter  is  found  south  of 
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Korgoa,  a  towD  eituated  on  the  Hi.  So  large  a  quantity  of  tliis  salt 
is  collected  there,  that  the  inhabitants  of  Khoutche  employ  it  to  {lay 
their  tribute  to  China. 

The  new  description,  of  Central  Asia,  published  at  Pekiu  in  1777, 
contains  the  foUoTving  notice : — 

•'  The  territoiy  of  KhoutchiS  produces  copper,  saltpetre,  eulphur, 
and  sal  ammoniac.  The  latter  proceeds  from  a  tDountaJD  called  the 
Moantaia  of  Sal  Ammoniac,  which  is  found  on  the  north  of  the  town. 
It  has  many  caverns  and  crevices,  which  in  spring,  summer  and 
Ktitumn  are  filled  with  fire,  so  that  during  the  night  the  mountain 
Bcems  illuminated  by  thousands  of  lamps.  No  one  then  can  come 
near  it.  It  is  only  in  winter,  during  the  coldest  season,  and  when 
the  great  quantity  of  snow  has  stifled  the  fire,  that  the  people  of  the 
country  approach ;  they  strip  themsetves  quite  naked,  in  order  to 
collect  the  sal  ammoniac,  which  is  found  in  the  caverns  in  the  form 
of  very  hard  staluctitea ;  it  is  for  this  reason  very  difficult  to  detach  it. 

"Twelve  days' journey  by  the  caravan,  north  of  Korgos,  is  found 
another  town,  commonly  called  Tcliougoutcliak,  in  Chinese  Mongolia, 
It  is  situated  at  the  foot  of  Afount  Tarbagatai,  4S°'5  north  latitude, 
and  60°'45  east  longitude.  Four  stations  to  the  east  of  this  town 
we  arrive  at  the  canton  of  Khohoksikr,  near  Khobok,  which  falls  into 
the  Lake  Darlai;  there  is  there  a  small  mountain  full  of  fissures,  which 
ere  excessively  hot,  but  do  not  exhale  any  smoke.  In  these  fiuniea 
sal  ammoniac  sublimes,  andattachesitsetfsostrongly  to  the  walla  that 
it  is  necessary  to  break  the  rock  in  order  to  collect  it." — Klaprath. 

The  Abb£  Remusat,  in  a  letter  to  Gordier*,  statee  his  baring 
found  in  the  Japanese  edition  of  the  Chinese  encycloptedia  other  par- 
ticulars respecting  this  volcano  ; — 

'■  The  sal  ammoniac,  in  Persian  '  Nouchadir,'  in  Chinese  '  Naocha,' 
&c.,  is  drawn  from  two  volcanic  mountains  of  Central  Tartary;  one 
is  the  volcano  of 'I'ourfan,  lat.  43°'30,  long.  87°-ll,  which  has  given 
to  the  town  near  it  the  name  of  Ho-Tcheou,  town  of  fire  ;  the  other 
is  the  White  Mountain,  in  the  country  of  Bichbalikh  ;  these  two 
mountains  throw  out  continually  flames  and  smoke.  There  are  ca- 
vities there  in  which  they  collect  a  greenish  liquid  ;  exposed  to  the 
air  this  liquid  is  changed  into  salt,  which  is  tlie  sal  ammoniac ;  the 
people  of  the  country  use  it  in  the  preparation  of  leather.  As  to 
the  mountain  of  Tourfan,  we  observe  a  column  of  smoke  rise  from  it 
perpetually;  this  smoke  is  replaced  in  Uie  evening  by  a  flame  like 
that  of  a  torch ;  birds  and  other  animals  lighted  up  by  it  appear  of 
a  red  colour.     The  mountain  is  called  tlie  Mount  of  Fire.     In  order 
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to  search  for  the  salt,  they  put  on  wooden  shoes,  for  leather  ones 
would  soon  be  burnt.  The  people  of  the  country  likewise  collect 
the  mother  waters,  which  they  boil  in  caldrons,  and  obtain  from 
thence  the  sal  ammoniac,  under  the  form  of  loaves,  like  those  of 
common  salt." 

Ck)rdier  observes,  "  that  the  existence  of  two  burning  mountains  in 
the  midst  of  the  immense  table-land  bounded  by  the  Ural,  the  Altai 
mountains,  the  frontiers  of  China,  and  the  Himalaya  chain,  is  a  fact 
well- worthy  of  attention.  Sal  ammoniac  is  never  found  in  Europe 
in  any  but  a  volcanic  rock ;  it  is  therefore  probable,  d  priori,  that  the 
origin  of  it  in  Asia  is  that  assigned;  by  the  Abb6  Remusat,  and  the 
professed  learning  of  that  scholar  gives  an  authority  to  the  facts 
detaaed." 

These  volcanos  are  stated  to  be  400  leagues  east  of  the  Caspian 
Sea,  but  Ferussac  remarks,  that  as  the  volcano  of  Tourfan  is  situated, 
according  to  P^  Gaubil,  in  )at.  43^*30,  long.  87^*11,  it  must  lie  in 
the  midst  of  some  considierable  lak^s,  and  that  the  volcano  of  the 
White  Mountain,  in  lat..46°,  is  also  between  two  large  lakes,  that 
of  Balgasch  and  Alakougoul. 

The  Mount  of  Fire  or  Ho-chan,  now  Khoutch^,  seems  to  be  the 
same  as  that  twenty  leagues  north  of  Khouei-thou,  noticed  by  the 
Chiiiese  author  of  the  seventh  century  under  the  name  of  Pechan. 
According  to  this  author  the  mountain  is  called  Aghie,  a  word  which, 
according  to  M.  Klaproth,  signifies  the  same  as  HO'^han  in  Chinese. 
Klaproth  thinks  that. the  volcano  is  situated  in  42^*35  north  latitude, 
and  IB  probably  the  same  as  Mount  Khalar,  which,  according  to  the 
Boukharies,  is  found  south  of  Korgos,  on  the  river  Hi.  Thus  ail  this 
part  of  Klaproth's  statement  would  seem  to  relate  to  one  and  the 
9ame  volcano;  and  the  different  names  of  Mountain  of  Fire  and 
White  Mountain,  by  which  it  is  known,  seem  to  make  it  correspond 
with  the  two  volcanos  of  M.  Remusat. 

Hie  volcano  of  the  environs  of  Tchougoutchak  must  be  found  at  the 
foot  of  Mount  Chamar,  near  the  Lake  Dzaisang,  and  therefore  does 
not  appear  to  agree  with  either  of  those  of  M.  Remusat.  The  num- 
ber consequently  of  the  actual  volcanos  and  solfataras  in  Central 
Ana  seems  still  involved  in  much  uncertainty. 

In  the  translation  made  by  Hylander,  the  father*,  of  a  geographi- 
cal work  by  Ibn-el«Wardi,  mention  is  made  of  a  mountain  in  the 
interior  of  Asia,  from  which  smoke  is  seen  to  arise  in  the  day,  and 
flames  by  night.    This  mountain  is  situated  in  the  country  called 
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Tim,  wliifli  Hylander  and  his  son  think  are  the  same  M  the  Botont 
of  Edrisi  and  Abulfeda.  and  the  Bantam  of  Bolcoui. 

Tbia  country  is  situated  between  the  Oxua  aad  the  laxartes.  The 
mauntivinB  give  rise  to  the  Sogd  (the  Polytimetus  of  ancient  geogra- 
phere),  a  river  which  waters  the  Sogdiana.  It  b  worth  while  to 
observe  also,  that,  according  to  the  same  Arabian  writer,  this  countiy 
produces  native  tal  ammoniac,  and  the  suhstance  called  ZadJ,  which 
is  either  alum  or  an  aluminous  slate.  The  liurnlug  mountain  made 
known  to  us  in  tliis  passage  must  be  to  the  east  of  the  Liike  Aral, 
and  of  the  Caspian  Sea. 

Pallas  also  in  his  '  Travels '  mentions  a  burning  mountain,  which 
he  visited  in  the  spring  of  the  year  1770,  in  the  government  of  Orem- 
burg,  near  the  village  of  Soulpa  occupied  by  the  Basclikires,  and  the 
river  .louijousen.  He  speaks  of  vapours  like  smoke  in  the  day,  and 
of  slight  flames  at  night,  but  he  does  not  view  them  as  volcanic*'. 

Other  notices  might  be  collected  of  similar  phenomena  occurring 
in  parts  of  this  vast  tract,  but  tliey  principally  depend  upon  the 
authority  of  the  'I'nrtar  tribes,  and  may  perhaps  turn  out  to  be  the 
same  as  those  already  alluded  to*)'. 

Such  then  arc  the  accounts  given,  on  the  faith  chiefly  of 
Asiatic  writers,  of  the  volcanosof  Central  Asia,  which  certainly 
ought  not  to  be  rejected  aa  fabulous,  solely  because  they  are 
not  communicated  to  us  in  the  language  of  science,  or  may 
not  square  with  our  preconceived  opinions. 

I  perceive  also  that  these  reports  are  countenanced  by 
Baron  Humboldt,  who  in  a  memoir  on  Central  AsiaJ  re- 
marks, that  the  existence  of  four  volcaiios  in  the  valley  be- 
tween the  Altai  and  Himalaya  chain,  at  a  distance  of  300  or 
400  miles  from  any  sea,  is  unfavourable  to  the  theory  which 
attributes  volcanic  action  to  the  operation  of  sea-water  upon 
the  unoxidized  nucleus  of  the  earth. 

This  theorj-  will  be  discussed  afterwards,  but  on  the  present 
occasion  it  may  be  enough  to  say,  that  the  existence  of  true 
volcanos  in  the  situations  mentioned  is  still  doubled  by  some 
of  those  n ho  are  most  conversant  vith  the  structure  of  the 
great  continent  of  Asia,  aa,  for  example,  by  the  traveller  and 

•  Vol.  ii.  p.  rc. 

+  See  Schlnngiii,  in  Pallas,  Nordischen  Btittagcn,  vi.  p.  1 1 1,  and  do,  vii, 
p.  3-2;  also  Kalk,  Topog.  des  Rufts.  Keiths,  vol.  i.  |).  380. 

J  Boue's  Journal  de  Geologic,  vol.  i.,  since  published  in  Humboldt's 
'  Climatnlogie  Aaiatique.' 


CHINA.  389 

geographer  Erman,  who  in  his  'Archiv'  for  1843  remarks, 
"  that  it  becomes  every  day  more  probable,  that  the  beds  of 
coal  noticed  at  Irkutsch  and  at  Sabaikal  are  connected  with 
those  of  the  Altai  group,  those  of  Alatou,  and  many  others  less 
known,  and  that  as  to  the  generation  of  sal  ammoniac  in  the 
mountains  of  Bushan  and  Kokan,  which  the  Russian  travellers 
ascribe  to  an  anomalous  kind  of  volcanic  agency^  this  has  been 
often  found  to  be  concomitant  on  the  combustion  of  beds  of 
coal,  as  at  Dudweiler  in  the  district  of  Saarbruck  in  Germany. 
Perhaps  the  burning  mountain  on  the  river  Chatang,  which 
disengages  sal  ammoniac,  will,  when  further  examined,  be 
divested  of  its  volcanic  character,  and  sink  into  an  indication 
of  the  extension  of  that  coal  formation  which  crops  out  in  the 
island  of  Tainan.  The  geological  relations  of  the  surround- 
ing district  are  not  unfavourable  to  such  a  conjecture,  but  we 
must  wait  for  further  information  before  deciding  upon  its 
truth.'' 

I  leave  the  subject  therefore  still  in  the  same  state  of  un- 
certainty as  it  was  when  I  published  the  former  edition  of 
this  work,  and  would  only  remark,  that  if  the  phaenomena  of 
Taman,  of  Baku,  and  of  Demavend  are  settled  to  be  pseudo- 
volcanic,  the  same  conclusion  may  with  great  probability  be 
extended  to  the  phaenomena  described  as  existing  in  the  inte- 
rior of  Tartary. 

In  China,  M.  Biot,  jun.  has  collected  from  records  and  traditions 
existing  in  the  country,  a  list  of  occurrences  bearing  more  or  less 
reference  to  the  subject  of  volcanos  *  : — 

780  years  b.c.  a  large  tract  of  land  rose  suddenly  several  feet  in 
the  district  of  Ouey. 

78  years  b.c.  a  new  peak,  fifty  feet  in  height,  arose  on  Mount 
Tay-Chany. 

In  125  the  mountain  You-Toue  fell,  and  destroyed  more  than  400 
people. 

In  634,  in  the  northern  province  of  Chensey,  a  mountain  fell  and 
was  reduced  to  fragments. 

In  77 1  an  earthquake  was  experienced  for  three  days  in  the  two 
districts  of  Heng  and  Ting  (lat.  40°  and  39°),  and  in  many  places 
the  earth  opened,  from  which  black  water  gushed  out. 

♦  Comptes  Rendus,  1840. 
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In  S87,  In  tbe  district  oE  Oucy,  a  mount&in  fell,  and  the  ■ 
darkeued  by  the  dust. 

In  1568,  at  Yo-ting-Hien,  the  earth  opened  in  many  places,  and 
torrents  of  water  and  black  sand  were  ejected. 

In  1509  A.D.  a  moantain  euok  into  the  earth,  and  a  lake  ynx 
formed  in  its  place. 

Some  of  tliese  catastrophes  perbaps  have  no  reference  to  anything 
of  a  volcanic  nature,  but  it  may  be  well  to  take  a  record  of  them,  in 
order  that,  now  when  the  intercourse  with  this  hitherto  sealed  por- 
tion of  the  globe  is  gradutdly  increasing,  attention  may  he  directed 
to  this  class  of  phKnomena. 

Klaproth  likewise,  in  Humboldt's  '  Central  Asia '  (Appendix),  re- 
tnarks,  that  although  no  active  volcanos  are  known  in  China,  yel 
that  the  wells  of  fire,  Ho-tsing,  and  the  mountaini  of  fire,  Ho-cban, 
observed  in  several  partE  of  the  provinces  of  Yun-nan,  Syn-tchhouan, 
Kouang-u  and  Chansi,  the  first  two  the  moat  western  in  all  China, 
and  therefore  very  far  removed  from  the  sea,  may  have  some  con- 
nexion with  the  same  cause.  The  wells  of  tire  however  would  aeein 
to  be  brine  spriuga  accompanied  by  an  emiBston  of  inflammable  gas, 
and  although  very  curious,  Imve  no  direct  reference  to  the  subject  of 
this  volume.  Of  the  mountaius  of  fire,  one  on  tbe  border  of  Thibet 
is  but  little  known.  Another,  tbe  most  to  the  south,  is  in  long. 
108°-25  east  of  Paris,  and  23°-27  of  north  lat.  Flames  are  visible 
from  it  at  night. 

Several  tnonntuna  of  fire  are  found  in  the  province  bounded  oa  the 
north  by  the  great  wall.  Ammoniacal  vapours  afl  well  as  flames  are 
said  to  be  exhaled  from  it. 

More  to  the  north-east,  in  east  long.  110°-50,  north  lat.  ■W'S, 
there  is  a  mountain  from  which  proceeds  a  great  heat  and  a  constant 
noise  ;  a  huiliog  Epring  adjoins  it. 

The  other  notices  so  evidently  refer  to  the  combustion  of  coal  and 
other  pseudo- volcanic  phEcnomena,  that  I  do  Dot  think  it  necessary 
to  detail  them. 
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CHAPTER  XXIII. 

VOLCANOS  OF  KAMTSCHATKA  AND  THE  CHINESE  SEAS. 

Kamtschatka. — ^Aleutian  Islands. — Kunile  Islands. — ^Japan,  viz.  in  Mats- 
mai^Niphon — Kiu-sia. — Islands  adjacent — Loo-Choo— Formosa. 

Before  arriving  at  any  volcanos  in  Asia  in  a  state  of  un- 
doubted activity  at  the  present  time,  we  must  resort  to  the 
north-eastern  extremity  of  that  continent,  namely  to  the 
peninsula  of  Kamtschatka. 

A  recent  traveller  *  describes  this  tract  of  land  ^'^as  a  con- 
fused heap  of  granite  blocks  of  various  heights,  thickly  piled 
together,  whose  pointed,  jagged  forms  bear  testimony  to  the 
tremendous  war  of  elements  amidst  which  they  must  have 
burst  from  the  bowels  of  the  earth.'^ 

Nor  is  the  struggle  yet  ended,  as  the  smoking  and  burning 
of  volcanos,  and  frequent  shocks  of  earthquakes  sufficiently 
intimate. 

The  mountains,' with  their  glaciers  and  volcanos  emitting 
columns  of  fire  and  smoke  firom  amidst  fields  of  ice,  afford  a 
picturesque  contrast  with  the  beautiful  green  of  the  valleys. 

A  most  singular  and  indescribably  splendid  effect  is  pro- 
duced when  the  crystal  rocks  on  the  western  coast  are  illu- 
minated by  the  sun,  their  whole  refulgent  surface  reflecting 
bis  rays  in  every  various  tint  of  the  most  brilliant  colours, 
iiesembling  the  diamond  mountains  of  faiiy-land,  while  the 
neighbouring  rocks  of  quartz  shine  like  masses  of  solid  gold. 

Kraskeninikoff,  the  Russian  navigator,  in  his  history  of 
that  province,  translated  into  French  in  1767^  makes  mention 
of  three  active  vents,  besides  two  that  only  emitted  smoke, 
and  two  others  which  appeared  extinct. 

The  active  volcanos,  according  to  him,  are : — 

1.  Awachinskit^  l&t.  53^'17>  north  of  the  bay  of  Awatscha, 

*  Kotzebue,  Voyage  round  the  World. 

t  For  the  relative  position  of  these  volcanos,  see  the  Map  at  the  end  of 
the  volume. 
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a  mountain,  the  height  of  which  ia  estimated  at  8199  Paris 
feet.  It  had  an  eruption  in  1737,  followed  by  a  tremendous 
earthquake,  during  which  the  sea  overflowed  the  land,  and 
afterwards  receded  so  far  as  to  leave  its  bed,  between  the  first 
and  second  of  the  Kurule  islands,  dry.  It  is  called  by  Capt. 
Beechey,  Peak  Koselskoi. 

Ernest  Hotfman*,  who  accompanied  Kotzebuc's  expedi- 
tion, ascended  it ;  and  Postcls  and  Lenz,  who  were  attached 
to  that  of  Captain  Lutke,  made  two  excursions  to  it  in  182? 
and  1828.  They  found  its  base  composed  of  transition  slates 
and  greywacke,  lu  highly  inclined  beds,  associated  with 
dioritea.  Tlieir  direction  is  N.W.  and  S.K ;  their  dip  5(f 
to  the  S.W.  These  rocks  extend  nearly  to  the  uppermost 
Umit  of  trees,  beyond  which  trachyte  covers  the  surface  in 
large  blocks,  until  they  reached  a  kind  of  plain  entirely  com- 
posed of  lapilli,  into  which  they  sank  up  to  their  knees. 
Rising  however  from  it,  at  short  distances  apart,  are  a  great 
number  of  little  cones,  about  twelve  feet  in  height  and  thirty  in 
circumference,  each  of  which  gives  out  sulphuretted  hydrogen. 
From  this  spot  we  still  further  ascend  a  very  precipitous  wall 
of  trachyte,  which  continues  to  the  summit,  where  there  is  a 
crater  of  vast  size  continually  eniitliuK  smoke, 

2.  Tulbatchinski,  which  rises  to  a  height  of  7410  feet  above 
the  sea,  situated  on  a  tongue  of  land  between  the  rivers  of 
Kamtschatka  and  Tulbatchik.  Its  first  eruption  took  place 
in  1739,  and  caused  the  country  for  fitly  nersts  round  to  be 
covered  with  ashes. 

3,  Kamtschatka  Mountain,  otherwise  called  Klutschew  or 
Kliutshtwsk,  the  loftiest  in  the  country,  being  14,656  Paris 
feet  above  the  sea,  according  to  the  late  measurements  of 
Erman,  and  15,:ilO  according  to  Captain  Lutkc.  It  stands 
in  lat.  SG"-.},  long.  158''-23.  It  had  an  eruption  in  1737,  the 
same  year  in  which  the  mountain  A«achinski  was  in  activity. 
It  continued  for  a  week  to  throw  out  streams  of  lava  with 
great  vehemence.  Since  that  time  it  usually  ejects  ashes  and 
scoria;  three  or  four  times  a  year. 

Erman  saw  this  volcano  in  full  activity ;  a  stream  of  lava, 

•  I  am  imlebt«i  for  tlirae  n.Willniml  ].artitiilais  lo  Viiii  Burh's  d.scrip- 
lioii  uC  the  ('atiiiry  Islamic,  wliiili  liav  s^imrcil  mv  much  Iroiiljlc  in  lon- 
f-ulting  the  >irij;in!il  aiith'.rHips. 
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which  gave  a  vivid  light  during  the  nighty  proceeded  from  a 
point  about  700  feet  below  the  summit,  flowing  down  its 
north-west  side.  Judging  from  the  rocks  which  Erman  col- 
lected from  the  mountain,  he  considered  them  to  differ  from 
those  of  the  other  Kamtschatka  volcanos^  and  to  consist  of 
dolerite,  as  being  made  up  of  labradorite  and  augite^  the 
former  in  large  crystals.  The  ciurrents  of  lava  are  very  fre- 
quent, and  the  vast  masses  of  ice  which  they  meet  often  for 
a  time  arrest  their  downward  progress,  until  the  dyke  being 
at  length  broken  through  by  the  heat  and  pressure  of  the 
incandescent  mass,  the  whole  is  precipitated  fi*om  the  summit 
with  a  noise  audible  at  a  distance  of  100  wersts  from  the  spot. 
Much  sulphur  is  disengaged  from  the  fumaroles  and  depo- 
sited on  the  snow,  which  on  melting  carries  it  down  to  the 
foot  of  the  mountain. 

This  volcano  is  connected  with  another  dome-shaped  mass 
13,000  feet  in  height,  the  two  together  forming  a  ridge  from 
S.W,  to  N.E. 

To  this  list,  Erman  and  others  have  added  considerably, 
enumerating  in  all  no  less  than  thirteen  active  volcanos  in 
^his  peninsula. 

Of  these  the  two  most  remarkable  not  already  mentioned 
are : — 

.  1*  The  volcano  called  by  English  navigators  Awachinski  or 
Awatscha,  lat.  55^*19,  long.  156^*20,  which  must  be  distin-f 
guished  from  the  one  already  mentioned,  and  called  by  the 
same  name  by  Klraskeninikoff.  It  was  estimated  by  Captain 
Beechey  at  10,747  French  feet,  and  is  said  to  be  composed  of 
trachyte  to  its  very  base. 

2.  Schewelutsch,  lat.  56'''39,  long.  159^-9,  estimated  by 
Erman  at  9904  feet.  It  has  several  peaks,  but  no  crater  was 
discernible.  The  rock  of  which  it  is  composed,  presents  a 
remarkable  resemblance  to  that  of  the  volcanic  cones  of  the 
Andes,  consisting  of  a  mixture  of  small  grains  of  glassy  albite, 
and  of  long  black  and  brilliant  crystals  of  hornblende,  im- 
bedded in  a  grey  or  reddish  basis.  Abich  considers  two 
species  of  felspar  to  be  present ;  the  one,  albite,  constitutitig 
more  than  70  per  cent,  of  the  whole ;  the  other,  one  of  the 
bisilicates,  either  andesin  or  oligoclase  (see  page  13).  He 
regards  the  rock   as   a  kind  of  link  between  andesite  and 
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dolerltc,  and  therefore  places  it  under  tbc  head  of  Trachyte- 
dolerite. 

The  valley  of  Jetowka,  which  is  a  prolongation  of  the  great 
valley  of  Kamtschatka,  is  the  boundary-line  of  this  volcanic 
rock.  It  is  here  succeeded  by  clay  and  talcose  slate,  with 
many  beds  of  quartz  rock,  diorite  and  serpentioe,  the  whole 
much  inclined.  There  is  therefore  a  complete  separation 
between  this  igneous  formation  and  that  to  which  the  former 
Tolcanos  belong. 

From  Kamtschatka  we  may,  to  all  appearance,  trace  a  line 
of  volcanic  operations  along  the  chain  of  the  Aleutian  Islands 
to  the  peninsula  of  Alaschka  in  North  America,  where  indi- 
cations of  the  same  kind  are  said  to  occur. 

Behring's  Island  is  the  connecting  link,  and  occurs  in 
the  same  parallel  nearly  as  Schewelutsch,  the  most  northern 
of  the  Kamtschatka  range.  In  the  Aleutian  group,  Von 
Buch  enumerates  nine  active  vents,  and  on  the  peninsula  of 
Alaschka,  two ;  the  most  eastern  being  on  the  north  coast  of 
Cook's  Inlet. 

Among  the  Aleutian  group,  Langsdorff  has  described  a 
rock  near  the  island  of  Unalaschka,  3000  feet  in  height,  coa- 
sisting  of  trachyte,  which  made  its  appearance  in  ITS'G,  and 
seems  to  have  been  thrown  up  all  at  once  from  the  bottom  of 
the  ocean,  and  not  to  have  been  formed  by  successive  accu- 
mulations of  ejected  materials  *. 

In  1796  it  was  only  two  miles  and  a  half  in  circumference 
and  350  feet  in  height;  but  in  1806,  when  it  was  still  burn- 
ing, it  had  80  greatly  increased  in  size,  as  to  require  six 
hours  to  go  round  it  in  a  boat,  and  five  to  ascend  it. 

It  appears  from  Otto  Von  Kotzebue's  '  Travels,'  that  the 
geological  structure  of  the  surrounding  rocks  is  basaltic, 
though  they  possess  a  greater  degree  of  hardness,  and  resist 
the  action  of  the  weather  more  completely  than  basalt  usually 
does.  This  he  attributes  to  the  quartz  and  augite  they 
contain. 

Trachyte  and  porphyry-slate  however  appear,  from  Montz 
Von  Engelhardt's  account,  to  occur  in  Unalaschka  f- 
•  Sec  Lar.gsilorff'a  Voyages,  vol.  ii. 
f  See  Kolicbuc's  VovHgc,  \o\.  ill.  p.  337. 
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The  volcanos  of  Kamtschatka  are  connected  again  on  the 
south  with  those  of  Japan  by  means  of  the  Kurule  Islands, 
where  no  less  than  nine  active  volcanos  are  said  to  occur. 

This  same  volcanic  band  is  continued  through  the  islands 
of  Japan,  where  Von  Buch  enumerates  no  less  than  thirteen 
active  vents. 

Of  these,  three  are  situated  in  Jesso,  the  most  northern  of 
the  group,  near  a  harbour  in  the  southern  portion  of  the 
island,  to  which  Broughton  in  consequence  assigned  the 
'name  of  Volcano  Bay. 

Near  the  same  spot  are  two  detached  islands,  discovered 
by  Captain  Krusenstem,  but  more  particularly  described  by 
Dr.  TUesius,  who  accompanied  that  navigator  in  the  capacity 
of  naturalist.  They  are  called  Oosima  and  Coosima,  and  are 
remarkable  for  their  diminutive  size ;  that  of  Coosima  indeed 
rising  only  to  the  height  of  150  fathoms  above  the  water. 
Both  islands  appeared  to  smoke  incessantly:  and  the  vol- 
canic appearances  at  Oosima  emanated  from  a  crater,  one 
side  of  which  had  fallen  in,  and  was  filled  with  red  puzzolana. 
The  hollow  between  the  separated  rocks  was  penetrated 
with  spiracles,  which  continued  in  activity  under  the  sea; 
and  the  old  lava,  from  which  the  present  cone  rises,  is  seen 
distinctly  near  the  level  of  the  water. 

.  The  island  of  Jesso  is  supposed  by  Krusenstem  to  have 
once  had  a  connexion  with  that  of  Niphon,  where  the  straits 
of  Matsmai  now  exist ;  and  the  volcanic  action  going  on  in 
all  directions  around,  certainly  supplies  a  sufficient  cause  for 
their  subsequent  disruption. 

-  That  Jesso  and  Niphon  were  once  continuous,  may  be 
conjectured  from  the  similar  composition  of  the  opposite 
coasts,  the  basaltic  character  of  their  rocks,  and  their  broken 
and  shattered  condition;  but  of  course  these  grounds  are 
done  liable  to  great  uncertainty,  as  Krusenstem  is  quite 
ready  himself  to  admit. 

Now  upon  the  great  island  of  Niphon  at  least  three  active 
vents  are  noticed  as  occurring;  namely,  1.  Peak  Tilesius, 
situated  on  the  western  coast,  the  peak  of  which  is  constantly 
covered  with  snow. 

2.  Alemo,  north-west  of  the  capital  Jedda,  which  had  a 
fearful  eruption  in  1733,  destroying  seventeen  villages  and  a 


vast  number  of  persons,  partly  from  a  shower  of  red-hut 
stones,  and  partly  from  a  stream  of  sulphureous  mud  which 
inundated  the  neighbouring  country. 

3.  Fusi,  the  loftiest  mountain  in  Japan,  south-west  of 
Jeddo.  It  is  constantly  emittiug  smoke,  and  formerly  gave 
out  flames;  but  these  have  ceased  since  a  Essure  has  taken 
place  in  one  of  its  sides. 

In  the  island  of  Kiu-siu,  where  the  Dutch  factory  of 
NaugBsaki  is  situated,  there  are  five. 

One  of  these  is  called  Aso,  north  of  Satzuma,  which  is  par-' 
ticularly  mentioned  by  Langsdorif  as  being  the  spot  where 
the  Christian  proselytes,  if  they  refused  to  renounce  their 
faith,  were  thrown  into  the  crater  of  the  burning  mountain, 
during  the  severe  persecution  carried  on  against  them  in  the 
last  century. 

■  Of  the  second,  Wunzen  near  Nangaaaki,  Siebold*  has 
given  us  a  detailed  account.  Its  height  is  1253  metres,  and 
it  occupies  the  centre  of  the  peninsula  of  Simabara,  in  the 
east  of  the  province  of  Fezen.  The  first  recorded  eruption 
for  1000  years  was  in  1792,  when  the  top  of  the  mountain 
began  to  fall  in,  and  a  thick  smoke  proceeded  from  it. 

Soon  afterwards,  a  fearful  earthquake  ravaged  the  whole  of 
the  island,  destroying  the  city  of  Simabara.  All  at  once  the 
southern  arm  of  the  mountain  was  blown  into  the  air  with  a 
tremendous  explosion,  and  the  fragments  falling  into  the  sea, 
caused  the  waters  to  inundate  the  land.  At  the  same  time 
a  great  body  of  boiling  water  poured  down  from  the  crevices 
of  the  mountain  into  the  level  ground  beneath. 

The  desolation  occasioned  by  the  earthquake,  and  the  erup- 
tions of  various  kinds  that  occuixed  from  this  and  several 
neighbouring  volcanic  vents,  pass  all  belief.  Not  a  house, 
except  the  citadel,  built  of  Cyclopean  blocks  of  stone,  escaped 
destruction.  The  outline  of  the  coast  was  completely  changed, 
and  it  is  said  53,000  persons  perished. 

Earthquakes  occur  every  year  in  Japan ;  but  the  most 
formidable  was  that  of  the  2Gth  of  May,  182S,  when  not  only 
Wunzen  and  Aso  gave  signs  of  commotion,  but  Metake,  a 
volcano  in  the  island  of  Sakurasima,  belonging  to  the  pro- 

*   Sicbolil,  VDViific  ;iu  Japan,  1S38,  lianslatrd  mln  French. 
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vince  of  Satzuma^  had  violent  eruptions.  The  shocks  ex- 
tended to  the  island  of  Niphon^  even  as  far  as  Jeddo. 

There  are  abundance  of  hot  springs  about  Wunzen^  and  in 
other  parts^  called  by  names  denoting  little  and  great  Heli. 
Into  these  boiling  springs  the  Christian  converts  were  plunged 
at  the  time  of  the  great  persecution. 

The  other  two  active  vents  are — Kirisama  in  the  province 
of  Honga^  and  Tsuruma  in  that  of  Bungo. 

Several  other  active  volcanos  occur  in  islands  belonging 
to  the  Japanese  group^  but  the  mere  enumeration  of  them 
would  convey  but  little  information ;  I  shall  therefore  proceed 
in  the  next  chapter  to  trace  the  line  of  volcanos  through  the 
other  islands  south  of  Japan. 

From  the  southern  point  of  Japan^  a  chain  of  headlands  is 
continued  along  the  group  of  Loo  Choo  to  Formosa^  and 
thence  to  the  Philippine  Islands. 

Off  Loo  Choo*  Captain  Hall  discovered  an  isolated  rock^ 
on  which  was  the  crater  of  a  volcano,  reduced  apparently  to 
the  condition  of  a  solfatara.  Its  sides  were  stratified^  as  were 
also  the  rocks  on  the  south  side  of  the  island^  which  are  pene- 
trated with  great  dykes  of  a  material  more  durable  than  the 
stone  they  intersect,  and  therefore  standing  out  to  a  con- 
siderable distance  in  relief  from  the  face  of  the  rock. 

The  island  of  Formosa  is  described  by  Klaproth  in  Malt- 
brun's  '  Voyages/  and  in  the  *  Asiatic  Journal'  for  December 
1824.  A  high  chain  of  mountains,  which  is  covered  with 
snow  in  November  and  December,  stretches  across  the 
country.  Abundance  of  salt  and  sulphur  is  met  with^  and 
flames  are  said  to  rise  occasionally  from  the  waters  of  the 
lakes  and  from  the  ground.  There  is  a  tradition  as  to  the 
summit  of  one  of  these  mountains  having  become  the  seat  of 
a  volcano.  There  is  said  to  be  on  the  top  of  the  mountain 
called  Pa-lee-fen-shan,  a  block  of  iron  of  the  highest  anti- 
quity, to  which  the  natives  attribute  many  extraordinary 
qualities. 

M.  Stanislaus  Julien,  in  the  ^Comptes  Rendus'  for  1840t, 
gives,  in  a  letter  to  Arago^  some  details  respecting  two  vol- 

*  See  Captain  Basil  Hall's  Voyage  to  Loo  Choo. 
t  Page  832. 
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canoB  in  this  island.  They  are  both  situated  on  the 
which  is  peopled  by  a  savage  race  of  men,  never  subdued 
the  Chinese,  and  rarely  visited.  The  accounts  are  extracted 
from  •  A  History  of  the  Pacification  of  the  Island  of  Formosa,* 
published  in  1723.  "  During  the  day,"  it  is  said,  "columns 
of  smoke  are  constantly  rising,  and  by  night  a  bright  light  is 
visible."  In  the  'General  Geography  of  China,'  published  in 
1744,  we  read,  under  the  head  of  Formosa,  of  springs,  from 
which  inflammable  gas  escapes,  accompanied  by  an  odour  of 
sulphur.  There  is  also  in  another  Chinese  vt  ork  an  account 
of  two  mountains,  known  by  names  indicating  the  great  and 
little  Mountain  of  Boilinff  (Vater.  The  water  in  the  latter  is 
muddy,  and  bursts  forth  from  the  summit  of  the  hill.  Several 
other  mountains,  from  which  hot  water  gushes,  and  from 
which  flames  issue,  are  noted  under  the  same  head. 
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CHAPTER  XXIV. 

INDIAN  ARCHIPELAGO. 

Philippine  Islands : — Lugon— north  of  Lu^on — south  of  Lo^on^-Fuego— 
Mindanao — Sangir — Siao — Celebes — Gilolo — Morety — Ternate — Ti- 
dore — Motir — Machian  — ^Amboy  na — Gounnng- Api — Danmer — ^Timor 
— Flores — Sumbaya — Java—Sumatra. — Barren  Island  in  the  Andaman 
Group. — ^Arracan  and  Chittagong. 

I  WILL  next  proceed  to  point  out  the  volcanos  still  active  in 
the  Indian  Archipelago^  beginning  with  the  Philippine  Islands 
as  the  most  northern. 

Lu9on^  the  largest  of  this  group^  contains  several. 

Near  Manilla  is  that  of  Taal^  described  by  Chamisso^  which 
had  an  eruption  in  1754^  destroying  several  villages 'i'. 

In  the  interior  of  the  island  is  the  volcano  of  Aringuay, 
which  had  an  eruption  in  1641.  South  of  Manilla  is  a  penin- 
sula joined  to  the  rest  of  the  island  by  a  narrow  neck  of  land^ 
and  called  Camarines.  In  this  strip  of  land,  ranged  in  linear 
order,  are  no  less  than  eleven  volcanos,  first  made  known  to 
the  world  by  Don  Ildefonso  de  Aragon  in  his  description  of 
the  Manillat*  Other  of  the  Philippine  Islands  are  likewise 
volcanic. 

In  the  island  of  Mindoro,  opposite  to  Manilla  Bay,  is  the 
volcano  of  Ambil,  which  by  the  light  it  emits  serves  to  point 
out  to  sailors  the  passage  into  the  harbour.  The  little  island 
of  Camiguin,  north  of  Lu9on,  possesses  an  active  volcano 
which  serves  also  as  a  landmark. 

The  volcanic  chain  is  also  connected  more  closely  with  the 
island  of  Formosa  by  a  burning  mountain  existing  in  the  group 
of  the  Babujan  Islands  intermediate,  in  which  a  great  eruption 
that  occurred  in  1831  drove  the  inhabitants  firom  the  island. 
The  volcanic  range  is  continued  south  in  the  islands  of  Fu^o 
and  Mindanao.    The  volcano  of  the  latter  is  variously  called 

•  Voy.  Pitt.  1820,  vii.  tab:  6. 

t  Description  Geogr.  et  Topogr.  de  la  Ysla  de  Lu^on  o  Naeva  Castille : 
Manilla,  1819.  4to. 
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Sanguil,  Gouiiong  Salatan,  Gounong-Api,  am!  the  volcano 
Mindanao*.      Berghaiis  conceives  that  at  least  two  volcanos 
must  exist  on  this  island  indicated  by  these  several  names 

Between  Mindanao  and  Celebes  are  two  little  islands, 
volcanic ;  the  most  northern  of  these,  Sangir,  had  an  eruption 
in  I71U  which  did  great  damage. 

The  other,  Siao,  is  said  to  be,  like  Stromboli,  in  a  state  of 
constant  eruption,  but  in  1712  the  sides  of  the  mountain 
opened,  and  cast  forth  firej, 

On  the  north-eastern  side  of  the  island  of  Celebes  is  a  vol- 
cano called  Kemas,  which  was  heaved  up  in  1C94  after  a  vio- 
lent earthquake,  which  occurred  iu  its  greatest  force  in  the 
neighbouring  island  of  Temate.  It  was  accompanied  with  a 
dreadful  eruption,  which  plunged  all  the  neighbourhood  in 
the  most  profound  obscurity  ^.  All  that  portion  of  the  island 
lying  between  Boelan  and  Gorontale  was  destroyed  ||. 

Gilolo,  a  large  island  to  the  east  of  Celebes,  has  one  active 
volcanolT  on  the  western  side,  which  was  heaved  up  in  1673, 
with  a  tremendous  earthquake,  followed  by  an  ejection  of 
much  pumice**. 

On  the  north  of  Gilolo,  on  the  island  of  Morety,  there  was 
formerly  a  very  active  volcano. 

In  the  Archipelago  of  the  Moluccas  we  hear  of  four :  that 
of  Teniatc,  which  was  formerly  very  active,  having  had  erup- 
tions in  1608,  1635,  1653,  and  16"3,  during  which  it  ejected 
much  pumice.  Its  height  is  calculated  at  about  3840  Paris 
feet. 

2.  Tidore  has  also  an  elevated  conical  mountain,  which  ap- 
pears to  be  volcanic. 

3.  Motir  has  a  volcano,  which  ejected  stones  in  l778tt. 

4.  Machian,  the  most  southern  of  the  Molucca  group,  has 
a  volcano,  the  crater  of  which  is  visible  from  afar.  It  is  stated 
that  in    1646  the  mountain  was  rent  from  top  to  bottom, 

"  Von  Buch,  Canaries,  p.  435. 
t  Memoir  on  the  PbilippinCB  :  Gotha,  1832. 
t  Von  Bucb,  p.  43J. 

§  Phil.  Trans,  nix.  p.  529.  or  Hutton  and  Shaw's  Abridgement,  vol.  iv. 
p.  163. 

11  Valentyn,  as  quoted  liy  Von  Bucli.  IT  Ibid.  '•   Ibid, 

-ft  Forrest. 
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emitted  streams  of  smoke  and  flames^  and  was  divided  into 
two  parts^  which  now  constitute  two  distinct  eminences. 

I  have  noticed  a  similar  phaenomenon  when  speaking  of 
Mount  Ararat,  though  the  cause  to  which  the  fissure  is  attri- 
butable in  that  can  only  be  conjectured. 

Wawani,  in  the  island  of  Amboyna,  is  a  very  lofty  and  steep 
mountain,  which  had  a  fearful  eruption  in  the  year  1694'!', 
destroying  the  houses  and  population  at  its  foot ;  but  although 
frequent  earthquakes  have  occurred  in  the  island  since  that 
time,  no  eruption  had  taken  place  from  it  till  the  year  1820, 
when  a  new  crater  opened  on  its  summit  t* 

Oounung-Api,  a  mountain  in  the  island  of  Banda,  is  an 
active  volcano.  It  had  an  eruption  in  1694]:,  which  is  de- 
scribed as  very  awful,  and  another  in  1820,  which  ejected  red- 
hot  stones  of  prodigious  size.  There  is  an  engraving  of  it  in 
Valentyn.  A  little  to  the  south  the  island  of  Sorea  is  men- 
tioned by  a  Dutch  correspondent  of  Dr.  Lister's  to  have  been 
convulsed  by  a  volcanic  eruption  in  1693  §•  In  this  case  a 
portion  of  the  mountain  sunk  down,  and  a  lake  appeared  in 
its  place  filled  with  incandescent  matter.  The  lake  extended 
itself  towards  the  village  of  Woroe,  and  induced  the  inhabit- 
ants to  take  flight  and  transport  themselves  to  the  island 
of  Banda. 

We  have  hitherto  traced  the  volcanos  of  the  Indian  Ocean 
extending  in  a  straight  line  from  north  to  south,  but  here 
they  seem  to  follow  another  direction,  for  whilst  a  continuation 
may  be  traced  to  the  east  in  New  Guinea  ||,  where  Dampier 
discovered  an  active  volcano  in  south  lat.  5°'3S,  which  sent 
forth  fits  of  flame  at  intervals,  we  may  follow  the  same  range 
to  the  west  in  many  of  the  islands  that  intervene  between 
Banda  and  that  great  focuM  of  igneous  action  which  exists 
in  Java. 

I  will  enumerate  some  of  these  vents,  beginning  with  the 
island  of  Daumer,  where  Valentyn  discovered  an  active  volcano. 

*  ValentyD,  iL  p.  104,  as  quoted  by  Von  Bach. 

t  Von  Bach,  Canaries,  who  quotes  Geogr.  Epfaem.  1824. 

X  Phil.  Trans.     See  Button's  Abridgement,  vol.  iv.  p.  163. 

§  Phil.  Trans.  1695. 

U  See  map  of  the  volcanic  band  in  the  Indian  Archipelago. 
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Between  Timor  and  Ceram  is  a  little  island  on  which  Dam- 
pier  in  1669  saw  a  volcano  burning. 

In  the  island  of  Timor  itself  the  volcano  of  the  peak  served, 
like  that  of  Stromboli,  as  a  sort  of  lighthouse,  seen  at  more 
than  300  miles  distance.  In  1637  this  moimtain,  during  a 
violent  eruption,  disappeared  entirely;  o  lake  at  present  takes 
its  place. 

Captain  Bligh,  in  his  '  Voyage  to  the  South  Seas/  mentions 
the  existence  of  a  volcano  on  a  high  mountain  in  the  island 
of  Flores ;  it  seemed  to  him  to  have  been  in  a  state  of  great 
activity,  as  the  whole  island  was  covered  with  its  products. 

But  the  most  considerable,  or  at  least  the  most  formidable 
in  the  character  of  its  eruptions,  is  that  of  Toraboro  in  the 
island  of  Sumbaya,  of  which  we  have  a  description  from  the 
pen  of  the  late  Sir  Stamford  Raffles. 

Alrooat  every  one,  ea;s  this  writer,  is  acquainted  with  the  inter- 
mittiag  convulaiona  of  Etna  and  Vesuvius,  as  they  appear  in  the  de- 
scriptions of  the  poet  and  the  authentic  accounts  of  the  Daturalist, 

but  the  moat  extraordinary  of  them  can  bear  do  comparison,  in  point 
of  duratioa  and  force,  with  that  of  Mount  Tomboro  in  the  island  of 
Sumbaya.  This  eruption  extended  perceptible  evidences  of  its  er- 
istence  over  the  whole  of  tlie  Molucca  Islands,  over  Java,  a  con- 
siderable portion  of  Celebes,  Sumatra,  and  Borneo,  to  a  circumference 
of  a  thousand  statute  miles  from  its  centre,  by  tremulous  motions  and 
the  report  of  explosions ;  while  within  the  range  of  ils  more  imme- 
diate activity,  embracing  a  space  of  300  miles  around  it,  it  produced' 
the  most  astonishing  effects,  and  excited  the  most  alarming  appre- 
hensions. In  Java,  at  the  distance  of  300  mites,  it  seemed  to  be 
awfully  present.  The  sky  was  overcast  at  midday  with  clouds  of 
ashes ;  the  sun  was  enveloped  in  an  atmosplicre,  whose  "  palpable 
density  "  he  was  unable  to  penetrate  ;  a  shower  of  ashes  covered  the 
houses,  the  streets,  and  the  fields,  to  the  depth  of  several  inches,  and 
amid  this  darkness  explosions  were  heard  at  inten'ols,  like  the  report 
of  artillery,  or  the  noise  of  distant  thuoder. 

At  Sumbaya  itself  three  distinct  columns  of  flame  appeared  to 
burst  forth,  near  the  top  of  the  Tomboro  mountain,  {all  of  them  ap- 
parently within  the  verge  of  the  crater,)  and  after  ascending  sepa- 
rately to  a  very  great  height,  their  tops  united  in  the  air  in  a  trou- 
bled confused  manner.  In  a  short  time  t)ie  whole  mountain  next 
Sang'ir  appeared  like  a  body  of  liquid  tire,  extending  itself  in  every 
direction. 
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The  fire  and  columns  of  flame  continued  to  rage  with  unabated 
fury,  until  the  darkness,  caused  by  the  quantity  of  falling  matter, 
obscured  it  at  about  8  p.m.     Stones  at  this  time  fell  very  thick  at 
Sang'ir,  some  of  them  as  large  as  two  fists,  but  generally  not  larger 
than  walnuts.     Between  nine  and  ten  p.m.  ashes  began  to  fall,  and 
80on  after  a  violent  whirlwind*  ensued,  which  blew  down  nearly 
every  house  in  the  village  of  Sang'ir,  carrying  the  alaps  or  roofs,  and 
light  parts  away  with  it.   In  the  port  of  Sang'ir  adjoining  Sumbaya, 
its  effects  were  much  more  violent,  tearing  up  by  the  roots  the  largest 
trees,  and  carrying  them  into  the  air,  together  with  men,  horses, 
cattle,  and  whatever  else  came  within  its  influence.     [This  will  ac- 
count for  the  immense  number  of  floating  trees  seen  at  sea.]     The 
sea  rose  nearly  twelve  feet  higher  than  it  had  ever  been  known  to  do 
before,  and  completely  spoiled  the  only  small  spots  of  rice  land  in 
Sang'ir,  sweeping  away  houses  and  everything  within  its  reach.  The 
whirlwind  lasted  about  an  hour.     No  explosions  were  heard  till  the 
whirlwind  had  ceased,  at  about  eleven  a.m.     From  midnight  till  the 
evening  of  the  11th,  they  continued  without  intermission ;  after  that 
time  their  violence  moderated,  and  they  were  heard  only  at  intervals, 
but  the  explosions  did  not  cease  entirely  till  the  15th  of  July.  Of  all 
the  villages  round  Tomboro,  Tempo,  contcdning  abodt  forty  inhabit- 
ants, is  the  only  one  remaining.     In  Pekatd  no  vestige  of  a  house  is 
left :  twenty-six  of  the  people,  who  were  at  Sumbaya  at  the  time, 
are  the  whole  of  the  population  who  have  escaped.     From  the  best 
inquiries  there  were  certainly  not  fewer  than  12,000  individuab  in 
Tomboro  and  Pekat^  at  the  time  of  the  eruption,  of  whom  five  or  six 
survive.  'I'he  trees  and  herbage  of  every  description,  along  the  whole 
of  the  north  and  west  of  the  peninsula,  have  been  completely  de- 
stroyed, with  the  exception  of  a  high  point  of  land  near  the  spot 
where  the  village  of  Tomboro  stood  f.     At  Sang'ir,  it  is  added,  the 

*  May  not  the  Gccarrence  of  whirlwinds  as  a  concomitant  of  volcanic 
eruptions  account  for  the  fable  of  the  giant  Typbceus,  who  was  at  once  con- 
sidered the  cause  of  both  these  effects  ?  See  Hesiod  8. 869,  where  Typhoeus 
is  described  as  producing  those  winds  which  are  destructive  to  man ;  whereas 
Notus,  Boreas  and  others,  which  are  useful  to  him,  are  of  divine  origin. 

Eie  dc  Tv<f>»€os  €s*  avffiav  fi€vos  vypov  atvr^v 
No(r0c  Norov,  Boptm  t€,  kcu  A/>ycaTca>  Zc^poio. 
01  yt  fi€V  tK  0€O<f>iy  ytvtrj,  Bmjrois  fity  ovtiap. 
Al  d*  aXXai  funjtavpcu  titrnvtiovai  6aKacrcr(w. 

Ammianus  Marcellinus,  in  describing  the  earthquake  which  destroyed 
Nicomedia,  says,  that  it  was  accompanied  by  hurricanes  (lib.  xvii.  c.  7). 
t  Major  Thorn  (in  his  Memoir  on  the  Conquest  of  Java,  1810,  p.  320) 
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(voine  occa«Ioned  by  this  event  was  so  extreme,  that  one  of  the 
rajah's  own  daughters  died  of  etairBtion. 

TomboTO  ia  connected  with  Java  by  the  little  volcanic  islands 
of  Lombok  and  Bdi. 

Lombok  ia  noticed  by  Captain  Tuckey  as  having  an  isolated 
peak  7500  feet  in  height. 

Bali,  severed  from  Java,  according  to  the  tradition!  of  the 
people  by  a  great  earthquake,  hnd  an  eruption  in  1808. 

In  Java  itself  the  researchea  of  Dr.  Horsfield  have  made 
known  to  ua  one  of  the  most  extended  tracts  of  volcanic 
formations  that  perhaps  anywhere  exiat.  An  uninterrupted 
series  of  large  RiountainS]  varying  in  elevation  from  5000  to 
11,000  and  even  12,000  feet,  and  exhibiting  by  their  round  or 
pointed  tops  their  volcanic  origin,  extends  along  the  axia  of 
the  island,  very  few  of  them  being  near  the  coast-line.  The 
several  members  of  the  group,  in  number  thirty-eight,  though 
different  from  each  other  in  external  figure,  agree  in  the 
general  attribute  of  volcanos,  having  a  broad  base  gradually 
verging  towards  the  summit  in  the  form  of  a  cone. 

They  all  rise  from  a  plain  but  little  elevated  above  the  level 
of  the  sen,  and  with  very  few  exceptions^  each  one  must  be 
considered  as  a  separate  formation,  raised  by  an  exertion  of 
force  independent  of  that  which  produced  the  others.  Most 
of  these  have  been  built  up  at  a  very  remote  period,  and  are 
covered  by  the  vegetation  of  many  ages ;  but  the  indications 
and  remains  of  their  former  eruptions  are  numerous  and  un- 
equivocal. The  craters  of  several  are  completely  extinct; 
those  of  others  contain  small  apertures,  which  continually 
discharge  sulphureous  vapours  and  smoke.  Many  of  them 
have  had  eruptions  during  late  years.  Almost  all  the  moun- 
tains or  volcanos  in  the  large  series  before  noticed,  are  found 
on  examination  to  have  the  same  general  constitution ;  they 
are  striped  vertically  by  sharp  ridges,  which,  as  they  approach 
the  foot  of  the  mountain,  take  a  more  winding  course. 

These  ridges  alternate  with  valleys,  whose  sides  are  of  a 
very  various  declivity. 

gpeaks  of  another  volcano,  on  the  north  coast  ot  Sumbaj-a,  which  is  con- 
sidered to  he  in  communication  with  that  of  Gounung-Apl,  three  or  four 
miles  off. 
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Large  blocks  of  basalt  occasionally  project^  and  in  several 
instances  the  valleys  form  the  beds  of  rivers  towards  the  sum** 
mits  of  the  volcanos;  in  the  rainy  season  they  all  convey 
large  volumes  of  water. 

There  are  also  various  ridges  of  smaller  mountains^  which^ 
though  evidently  volcanic^  may  be  termed  secondary y  aa  they 
appear  to  have  originated  from  the  primary  volcanos  before 
noticed.  They  generally  extend  in  long  narrow  stripes^  with 
but  a  moderate  elevation^  and  their  sides  are  less  regularly 
composed  of  the  vertical  ridges  above-mentioned.  In  most 
cases  a  stratified  structure  and  submarine  origin  may  be  dis* 
covered.  They  are  generally  covered  with  large  rocks  of  ba- 
salt; and  in  some  cases  they  consist  of  wacke  and  homblendcj 
which  are  found  scattered  along  their  base  in  immense  heaps. 

Hills  of  a  mixed  nature,  partly  calcareous,  partly  volcanic, 
are  also  met  with.  The  southern  coast  of  the  island  consists 
almost  entirely  of  them,  rising  in  many  places  to  the  per- 
pendicular height  of  80  or  100  feet,  and  sometimes  much 
higher.  These,  as  they  branch  inward  and  approach  the  cen*' 
tral  or  higher  districts,  gradually  disappear,  and  either  give 
place  to  the  volcanic  series,  or  alternate  with  huge  masses  of 
basaltic  hornblende  that  appear  to  assume  a  regularly  strati'^ 
fied  structure. 

A  Dutch  writer*  has  since  communicated  some  further  par- 
ticulars respecting  these  basaltic  rocks.  He  informs  us  that 
almost  all  the  lofty  summits  of  this  chain  are  truncated 
cones,  consisting  in  general  of  irregular  columns,  which  pre- 
sent every  variety  in  point  of  length,  thickness,  direction^ 
and  other  circumstances.  They  are  sometimes  placed  imme^ 
diately  one  on  the  other,  sometimes  divided  by  beds  of  a  dif- 
ferent material.  This  arrangement  is  only  exposed  in  a  few 
places  where  the  streams  have  laid  bare  the  strata.  The  action 
of  the  elements,  assisted  perhaps  by  that  of  sulphureous  va- 
pours, has  effected  a  gre&t  destruction  of  the  rock,  large  masses 
of  which  are  washed  down  into  the  plains  after  heavy  showers. 
The  basalt  is  of  two  qualities :  Ist,  that  composing  the  lower 
mountains,  which  is  less  compact  and  porphyritic,  but  con- 
tains large  concretions  of  felspar,  quartz  ?,  crystallized  hom- 

*  Reinwardt  in  the  Batavian  Transactions,  published  at  Batavia  in  1S2S. 
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blende,  and  olivine ;  2ndly,  that  constituting  the  loftier  ranges, 
which  is  more  compact  and  uniform  in  structure,  and  is  so 
impregnated  with  iron  as  to  attract  the  niagaclic  needle, 
and  even  to  be  obedient  to  its  influence. 

With  regard  to  the  modern  lavas  of  Java,  having  bcea 
favoured  witli  a  sight  of  the  specimens  brought  by  Dr.  Hors- 
Beld  himself  from  the  island,  and  now  at  the  India  House,  I 
may  remark,  that  they  struck  me  as  being  very  similai'  to  those 
of  Vesuvius,  and  that  they  in  several  instances  appeared  to 
contain  much  leucite.  I  observed  several  specimens  of  pitch- 
stone,  which  I  was  assured  constituted  dykes. 

Reinnardt  informs  us,  that  trachyte  has  only  been  observed 
in  one  spot  in  the  interior  of  the  island,  namely  the  volcano 
of  Tilu ;  it  is  a  mixture  of  glassy  felspar  and  black  hornblende. 
As  trachyte  is  rare,  it  might  be  expected  that  pumice  and  ob- 
sidian would  be  of  unfrequent  occurrence ;  they  are  met  with 
only  near  the  above-named  volcano. 

Dr.  Horsfield  has  related  an  effect  of  volcanic  action  in  this 
island,  which  in  point  of  extent  seems  almost  to  exceed  what 
has  been  hitherto  noticed  in  any  other  part  of  the  globe. 

The  Papandayang,  situated  on  the  south-western  part  of 
the  island,  was  formerly  one  of  its  l.irgest  volcanos,  but  the 
greater  part  of  the  mountain  was  swallowed  up  into  the  earth 
in  the  year  1772,  after  a  short  but  violent  paroxysm.  The 
account  which  has  been  transmitted  of  this  event  asserts,  that 
near  midnight,  between  the  11th  and  12th  of  August,  there 
was  observed  about  the  mountain  an  uncommonly  luminous 
cloud,  by  which  it  appeared  to  be  completely  enveloped.  The 
inhabitants,  as  well  about  the  foot  as  on  the  declivities  of  the 
mountain,  alarmed  by  the  appearance,  betook  themselves  to 
flight;  but  before  they  could  all  save  themselves,  the  whole 
mass  began  to  give  way,  and  the  greatest  part  of  it  actually 
fell  in  and  disappeared  in  the  earth.  At  the  same  time  a 
tremendous  noise  was  heard,  resembling  the  discharge  of  the 
heaviest  cannon.  Immense  quantities  of  volcanic  substances, 
which  were  thrown  out  at  the  same  time  and  spread  in  every 
direction,  propagated  the  eftects  of  the  explosion  through  the 
s]>ace  of  many  miles. 

It  is  estimated  that  an  extent  of  ground,  belonging  to  the 
mountain  itself  and  its  immediate  environs,  fifteen  miles  long 
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and  six  broad^  was  by  this  commotion  swallowed  up  in  the 
bowels  of  the  earth.  Several  persons,  sent  to  examine  the 
condition  of  the  neighbourhood,  made  report,  that  they  found 
it  impossible  to  approach  the  spot,  on  account  of  the  heat 
of  the  substances  which  encircled  it,  and  which  were  piled  on 
each  other  to  the  height  of  three  feet,  although  this  was  on 
the  24th  of  September,  and  thus  full  six  weeks  after  the  cata- 
strophe. It  is  also  mentioned  that  forty  villages,  partly  swal- 
lowed up  by  the  ground,  and  partly  covered  by  the  substances 
thrown  out,  were  destroyed  on  this  occasion,  and  that  2957  of 
the  inhabitants  perished. 

Guntur,  or  Gounung  Guntur,  is  remarkable  as  the  only 
volcano  in  Java  known  to  have  gi?en  out  any  streams  of  lava. 
Dr.  Horsfield  traced,  from  the  base  of  the  conical  summit  to 
the  foot  of  the  mountain,  five  several  eniptions,  the  latest 
occurring  in  1800.  What  the  reason  for  this  difference  may 
be  seems  unexplained,  as  indeed  is  the  general  absence  of 
lava-currents  from  the  Javan  volcanos,  which  are  not,  like 
the  trachytic  cones  of  the  Andes,  of  such  an  elevation,  as  to 
control  the  force  of  the  streams  that  struggle  to  find  a  vent 
upwards. 

But  be  the  cause  of  this  what  it  may,  the  absence  of  lava- 
streams  imparts  a  peculiar  aspect  to  the  physiognomy  of  Java. 

Mr.  Jukes,  in  a  letter  with  which  he  has  favoured  me,  remarks, 
that  "  the  thing  which  struck  him  most  forcibly  was  the  almost  entire 
absence  of  anything  like  hard  rock  at  or  near  the  surface  of  the 
ground.  Even  in  the  narrow  and  precipitous  ravines  furrowing  the 
sides  of  the  mountains,  and  on  the  knife-edged  crests  that  separate 
one  ravine  ffom  the  other,  he  could  see  nothing  but  soft  brown 
loam,  apparently  volcanic  ashes  and  sand  decomposed  into  clay. 

"  Even  when  standing  on  the  great  boundary- wall  ( 1000  feet  in 
height  on  the  inside,  and  8000  above  the  sea)  which  encircles  the  old 
crater  called  the  sandy  sea,  a  space  five  miles  in  diameter,  and  in  which 
is  the  present  small  active  vent  called  the  Bromo,  there  was  neither 
lava  nor  any  other  hard  stone  to  be  seen,  and  it  was  only  on  looking 
up  to  that  wall  from  the  inside,  that  beds  of  rock  could  be  per- 
ceived capped  by  a  thickness  of  60  or  100  feet  of  loose  incoherent 
materials. 

"This  character,  together  with  the  magnificent  untouched  and 
almost  impervious  forests,  that  mantle  over  the  whole  of  these  moun- 
tains with  a  thick  clothing  of  vegetation,  gave  to  the  volcanos  of  Java 
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a  very  different  aapcct  from  those  of  Teneriffe  for  tnstuice,  witli  their 
rugged  and  barren  rocke.  their  sheets  of  columnHr  baaait,  and  black 
■treaina  of  lavo. 

"  It  appeared  to  me  that  those  of  Java  bad  long  ceased  to  erupt 
lavB,  and  have  for  ages  beeu  buryiag  the  previous  etreoms  ucder  pilec 
of  ashes  and  powder." 

With  respect  to  the  remarkable  eruptioD  already  referred 
to,  which  took  place  from  Gounung  Guntur  in  the  year  1800, 
Boon  Meach  in  his  '  Diasertatio  de  Incendiis  Montium  Javse,' 
Lugduni  Batav.  1826,  has  communicated  to  us,  on  the  autho- 
rity of  Reinwardt,  the  Dutch  traveller  in  that  country,  several 
additional  particulars.  He  states,  that  a  river  vrhich  descends 
from  this  volcanic  mountain  became  at  once,  swollen  in  its 
dimensions,  increased  in  its  temperature,  and  charged  n-ith  a 
large  quantity  of  white,  acid,  sulphureous  mud.  On  the  8th 
of  October  the  waters  came  pouring  doii'n  into  the  valley, 
carrying  everything  before  them,  sweeping  away  the  carcases 
of  men  and  sundry  animals,  and  covering  the  face  of  the 
country  with  a  thick  coat  of  mud.  Tlie  same  recurring  with 
even  greater  violence  on  the  1 2th,  rocks  and  trees  were  car- 
ried away,  and  the  whole  face  of  the  hitherto  fertile  valley  was 
altered  by  the  devastating  efiect  of  the  deluge  of  mud  that 
had  spread  over  it. 

The  acid,  which  was  present  along  with  the  sulphur,  was 
evidently  the  sulphuric,  derived  from  the  decomposition  of 
sulphuretted  hydrogen  gas,  in  the  manner  that  has  been  be- 
fore explained  *. 

It  is  abundantly  produced  in  Java  by  the  same  process,  as 
at  Mount  Idienne  in  the  most  eastern  part  of  Java,  described 
by  Leschcnaultt.  This  is  a  volcano,  round  the  crater  of 
which  is  a  great  accumulation  of  sulphur,  whilst  in  its  centre 
is  a  lake,  the  waters  of  which  are  at  times  strongly  impreg- 
nated with  sulphuric  acid.  They  discharge  themselves  into 
the  sea  by  a  river,  which  issues  from  the  lowest  point  of  the 
lake,  and  contains  no  fish  until  its  acidity  has  been  diminished 
by  the  confluence  of  other  streams. 

In  18l7j  during  an  eruption  of  the  volcano,  the  waters  of 

•  Page  212.     Some  further  remarks  in  cluciJatioii  of  Uiis  Bulijcct  will 
be  oflered  in  a  subsequent  chapter, 
t  Annales  du  Musce,  lol.  xviii.  1811. 


JAVA.  409 

the  lake  inundated  the  surrounding  country  and  completely 
destroyed  the  vegetation. 

It  would  appear  likewise  from  Dr.  Horsfield*s  description,  that 
Java  exhibits  phsenomena  of  a  similar  kind  to  those  noticed  in  Sicily 
and  at  the  foot  of  the  Apennines,  and  there  known  under  the  name 
of  "  Salses."  In  the  calcareous  district  (which  I  suspect  to  belong 
to  the  same  class  of  formations  as  the  blue  clay  and  tertiary  lime- 
stone of  Sicily)  occur  a  number  of  hot  springs,  containing  in  solu- 
tion a  large  quantity  of  calcareous  earth,  which  incrusts  the  surface 
of  the  ground  near  it.  Of  these,  some  are  much  mixed  with  petro- 
leum, and  others  highly  saline. 

The  latter  are  dispersed  through  a  district  of  country  consisting 
of  limestone,  several  miles  in  circumference.  They  are  of  consider- 
able number,  and  force  themselves  upwards  through  apertures  in  the 
rocks  with  some  violence  and  ebullition.  The  waters  are  strongly 
impregnated  with  muriate  of  soda,  and  yield  upon  evaporation  very 
good  salt  for  culinary  purposes  (not  less  than  200  tons  in  the  year). 

About  the  centre  of  this  limestone  district  is  found  an  extraordi- 
nary volcanic  phsenomenon.  On  approaching  the  spot  from  a  di- 
stance, it  is  first  discovered  by  a  large  volume  of  smoke  rising  and 
disappearing  at  intervals  of  a  few  seconds,  resembling  the  vapours 
arising  from  a  violent  surf,  whilst  a  dull  noise  is  heard  like  that  of 
distant  thunder.  Having  advanced  so  near  that  the  vision  was  no 
longer  impeded  -  by  the  smoke,  a  large  hemispherical  mass  was  ob- 
served, consisting  of  black  earth  mixed  with  water,  about  sixteen 
feet  in  diameter,  rising  to  the  height  of  twenty  or  thirty  feet  in  a 
perfectly  regular  manner,  and,  as  it  were,  pushed  up  by  a  force  be- 
neath, which  suddenly  exploded  with  a  dull  noise,  and  scattered 
about  a  volume  of  black  mud  in  every  direction.  After  an  interval 
of  two  or  three,  or  sometimes  four  or  five  seconds,  the  hemisphe- 
rical body  of  mud  or  earth  rose  and  exploded  again. 

In  the  same  manner  this  volcanic  ebullition  goes  on  without  in- 
terruption, throwing  up  a  globular  mass  of  mud,  and  dispersing  it 
with  violence  through  the  neighbouring  places.  The  spot  where  the 
ebullition  occurs  is  nearly  circular  and  perfectly  level ;  it  is  covered 
only  with  the  earthy  particles  impregnated  with  salt  water,  which 
are  thrown  up  from  below ;  its  circumference  may  be  estimated  at 
about  half  an  English  mile.  In  order  to  conduct  the  salt  water  to  the 
circumference,  small  passages  or  gutters  are  made  in  the  loose  muddy 
earth,  which  lead  it  to  the  borders,  where  it  is  collected  in  holes  dug 
in  the  ground  for  the  purpose  of  evaporation. 

A  strong,  pungent,  sul])hureou8  smell,  somewhat  resembling  that 
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of  eartli-oil  (naphtha),  is  perceived  on  Btaadiiig  near  the  BJte  of  the 
explosion,  and  the  mud  recently  thrown  up  posseaacs  a  degree  of 
heat  greater  than  that  of  the  surrounding  atmosphere.  During  the 
rainy  season  these  exjilosionB  are  more  riolent,  the  mud  is  thrown  up 
much  higher,  and  the  noi^e  is  bcBrd  at  a  greater  distance. 

Tim  volcanic  phtenomenua  is  situated  near  the  centre  of  the  large 
plain,  which  interrupta  the  g^eat  series  of  volcanos,  and  owes  its 
origin  to  the  same  general  cause  ajs  that  of  the  numerous  eruptions 
met  with  in  thin  island*. 

Amongst  the  remarkable  phfenomena  connected  with  vol- 
canic agency  which  Java  affords,  is  that  same  abundant  evo- 
lution of  carbonic  acid,  wliich  has  been  already  described  as 
occurring  in  the  Lago  di  Ansanto  near  Naples  (page  189). 
A  similar  valley  in  Java  has  been  called  the  Valley  of  Deathj 
or  Poison  Valley  {Gaeco  Upas),  and  by  combining  the  ac- 
counts given  of  it  with  those  respecting  the  malignant  qualities 
of  a  particular  vegetable  production  of  the  island,  culled  the 
Upas  tree  {.4ntiaru  Toxicaria),  that  monstrous  fable  has 
been  concocted,  to  which  Damin  has  given  currency  in  those 
well-known  lines  of  his  '  Botanic  Garden,'  beginning 

Fierce  in  dread  silence  on  the  blasted  heath 

Fell  Uiioa  siis,  the  hydra-trce  of  death. 

Every  living  thing  that  enters  this  fatal  valley  is  arrested 
there  by  instant  death,  and  as  the  same  fate  awaits  any  one 
that  may  go  to  the  rescue,  the  ground  is  covered  with  the 
bleached  bones  of  numerous  animals,  as  well  as  of  men,  who 
have  from  time  to  time  approached  the  precincts +.  Here 
the  bones  remain,  whilst  the  soft  parts  have  wasted  away,  as 
carbonic  acid  exerts  little  action  upon  the  earthy  constituents  ; 
but  in  another  locality,  at  Talaga-Bodas,  a  volcano  mentioned 
by  Boon  Mesch,  on  the  authority  of  Rcinwardt,  where  the 
mephitic  vapours  are  apparently  accompanied  by  sulphuric 
acid,  the  bony  matter  of  the  animals  suffocated  by  the  me- 

"  RafBea'  Java,  chap.  10.^ — See  also  Breislac,  Institut.  Geolog.  vol.  iii. 
p.  47,  for  on  extract  from  the  Bib.  Univ.  Juillet  1817,  giving  an  account 
of  the  same  pbsenomcDon. 

-f  See  this  spot  describeil  in  the  Geographical  Journal,  vnl.  ii..  by  Mr. 
Loudon.  It  ia  situated  near  tbe  town  of  Uutur,  and  appears  to  be  a  small 
crater  on  the  top  nfa  inouotoin,  which,  like  the  Grotto  del  Cane,  can  be 
approached  to  within  a  few  feet  of  the  bottom. 
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phitic  exhalations  is  eaten  away^  whilst  the  muscles,  nails, 
hair,  and  skin,  remain.  The  fact  at  least  is  vouched  for  by 
the  Dutch  naturalist,  the  explanation  I  offer  as  my  own. 

A  tradition  prevails  that  Java,  Sumatra,  Bali  and  Sumbaya 
were  once  united,  and  formed  with  Hindostan  one  unbroken 
tract  of  land.  Even  the  dates  of  the  separation  of  these 
islands  are  given  in  the  Javanese  records.  Thus  the  separa- 
tion of 

In  the  Javao  year* 
Sumatra  and  Java  took  place 1114 

Bali,  Balembangan  and  Tava 1204 

Gilling,  Trawangan  and  Bali     1260 

Selo-Parang  and  Sumbaya 1280 

Raffles  however  justly  remarks,  that  the  physical  structure  of 
Sumatra  is  not  such  as  to  give  countenance  to  this  opinion, 
as  will  appear  from  the  following  brief  account  of  its  vol- 
canos. 

In  Sumatra  then,  Marsden  has  described  four  volcanos  as 
existing,  but  the  following  are  aU  the  particulars  known  con- 
ceming  them : — 

Lava  has  been  seen  to  flow  from  a  considerable  mountain 
near  Priamang,  but  the  only  igneous  vent  this  observer  t  had 
an  opportunity  of  visiting,  opened  on  the  side  of  a  hill  about 
twenty  miles  inland  of  Bencoolen,  one-fourth  way  from  the 
top,  so  far  as  he  could  judge.  It  scarcely  ever  failed  to  emit 
smoke,  but  the  column  was  only  visible  for  two  or  three  hours 
in  the  morning,  seldom  rising  and  preserving  its  form  above 
the  upper  edge  of  the  hill,  which  is  not  of  a  conical  shape,  but 
slopes  gradually  upwards.  He  never  observed  any  connexion 
between  the  state  of  the  mountain  and  the  occurrence  of 
earthquakes,  but  it  was  stated  to  him,  that  a  few  years  before 
his  arrival  it  was  remarked  during  an  earthquake  to  send 
forth  flame,  which  it  does  not  usually  do. 

The  inhabitants  are  however  alarmed,  when  these  vents  all 
remain  tranquil  for  a  considerable  time  together,  as  they  find 
by  experience  that  they  then  become  more  liable  to  such 
convulsions. 

*  The  Javan  ara  begins  seventy-three  years  later  than  the  Christian. 
t  Marsden'B  Sumatra,  p.  29* 
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Dr.  Jnck,  in  a  short  nolict  of  tiie  Geology  of  Sumatra, 
(Geo).  Trans,  vol.  i.  p.  33S,  new  scries,)  observes,  that  the  vol- 
canos  of  this  island  have  somewhat  of  a  different  cliaracter 
from  those  of  Java;  the  ibrmer  generuUy  terminating  at  the 
summit  in  a  ridge  or  crest,  while  the  latter  are  more  exactly 
conical,  and  have  for  the  most  part  a  much  broader  basis.  It 
appears  that  the  country  near  Bencoolcn  before  alluded  to 
(between  Indraporc  and  Bencoolcn)  was  visited  by  order 
of  RatBes  in  1818.  There  is  a  lake  with  a  cultivated  valley 
to  the  west,  watered  by  a  small  river,  that  descends  from  a 
high  volcanic  mountain  called  Gounong-Api,  which  is  always 
smoking.  The  rocks  in  this  neighbourhood  are  of  trap,  either 
compact  or  amygduloidal,  sometimes  tufaceous ;  the  most  re- 
markable hill  is  called  Gounong  Bungko,  or  Sugar-Loaf  Hill; 
it  is  composed  of  irregular  masses  of  trap. 

In  crossing  the  island  from  Bencoolcn  to  Palembang,  we 
traverse  a  plain,  having  in  the  midst  of  it  the  mountain  called 
Gounong  Dempo,  which  is  the  highest  in  the  island,  being 
12,000  feet  above  the  level  of  the  sea.  It  is  almost  always 
emitting  smoke.  Hot  springs  and  other  volcanic  pha^nomena 
are  common  in  the  neighbourhood.  BasaUand  trap  compose 
the  range  of  hilla  between  Buncoolen  and  Cawoor. 

The  basis  of  Sumatra  is  however,  in  all  probability,  primi- 
tive; granite  being  found  near  Menangkabau  and  at  Ayer 
Bangy,  Much  limestone  derived  from  coral  reefs  likewise 
occurs. 

We  know  nothing  of  the  volcnnos  said  to  exist  in  Borneo, 
but  it  appears  that  the  Andaman  Islands,  west  of  Pegu  and 
north  of  Sumatra,  contain  one  in  activity,  called  Barren 
Island*,  nearly  4000  icet  in  height,  which  frequently  emits 
vast  columns  of  smoke,  and  red-hot  stones  three  or  four  tons 
in  weight. 

The  relation  of  this  volcano  to  the  circus  of  rocks  which 
encircles  it,  except  on  one  point  where  the  sea  has  made  a 
breach,  is  regarded  by  Von  Buch  as  highly  illustrative  of  his 
elevation-theory,  as  we  seem  to  have  here  a  cone  of  eruption 
thrown  up  in  the  midst  of  a  crater  of  elevation. 

*  Sec  Colcbrooke  in  the  Asiatic  Transnclions. 
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Indeed  if  we  compare  this  locality  with  Santorino,  there 
will  be  found  nothing  but  the  absence  in  the  latter  case  of  an 
active  vent  in  the  centre  of  the  bay  whereby  to  distinguish 
it ;  and  from  Monte  Somma  it  chiefly  differs  in  its  lower 
level,  which  causes  the  bottom  of  the  crater  to  be  sunk  be- 
neath the  waters  of  the  ocean. 

The  following  sketch  will  convey  an  idea  of  the  form  and 
position  of  this  crater, 


Section  of  Barren  Island. 

This  volcanic  band  appears  also  to  extend  to  the  Burmese 
peninsula. 

The  island  of  Narcaudam,  north  lat.  13°  22',  Dr.  M<^Clel- 
land  informs  us,  is  a  volcanic  cone  raised  to  the  height  of  700 
or  800  feet,  and  exhibiting  traces  of  lava-currents  on  its 
flanks. 

The  island  of  Chedooba,  lat.  18°  40^,  is  stated  to  have  an 
active  volcano,  though  others  represent,  that  the  light  pro- 
ceeding from  it  arises  from  pseudo-volcanic  operations. 

The  neighbouring  island  of  Rhamree,  lat.  19^*,  contains  mud 
volcanos  similar  to  those  of  Chedooba,  from  which  vapour 
and  flame  were  seen  to  issue  to  the  height  of  several  hundred 
feet  during  the  earthquake  of  August  1 833.  It  is  statedf  how- 
ever that  an  old  volcano  was  re-opened  during  a  tremendous 
earthquake  which  ravaged  the  whole  of  that  peninsula,  on  the 
23rd  of  March,  1839,  stretching  in  a  direction  nearly  north 
and  south,  being  felt  in  the  Andaman  Islands  on  the  one 
hand,  and  extending  to  China  on  the  other. 

On  the  coast  ofChittagong  extensive  alterations  of  level, 
due  to  volcanic  action,  are  observable.     Certain  islands  ob- 

*  See  also  McClelland,  Report  of  Committee  for  inveBtigatiog  Coal  in 
India*  and  Lieut.  Baird  Smitli  on  Indian  Earthquakes,  in  Joum.  Asiat. 
Soc.  of  Bengal,  1843. 

t  Silliman's  Journal,  vol.  xxxviii.  p.  385. 
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served  ia  1554,  arc  now  submerged,  and  a  long  ahoal  parallel 
to  the  coast  done  remains. 

The  remarkable  hot  spring  about  twenty  miles  to  the  north- 
ward of  the  town  of  Chittngong,  the  gaseous  exhalations  from 
which  are  very  considerable,  and  frequently  in  a  state  of  igni- 
tion, aifords  probable  Indications  of  the  same  deep-seated 
cause.  In  the  year  1843  a  new  island  is  said  to  have  been 
formed  off  the  coast  of  Arraciin*. 

*  Smith  on  Indian  Earlli quakes,  p.  1035. 
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CHAPTER  XXV, 

ISLANDS  IN  THE  PACIFIC  OCEAN. 

Distinction  of  the  islands  in  the  Pacific  into  low  and  high. — LOW  u 
consist  of  coral  reefs — their  several  kinds  described — theory  of  their  for- 
mation— by  elevation — by  subsidence.  HIGH  blands  volcanic. — Sand- 
wich group — Revillagigedo — Galapagos — Island  of  Juan  Fernandez — 
Society  group — Friendly  group — New  Hebrides — New  Caledonia — New 
Zealand — Chatham  Islands— Van  Diemen's  Land — New  Holland — 
Mount  Erebus. 

In  the  Great  Pacific  Ocean,  the  islands,  according  to  Kotze- 
bue*,  may  be  referred  to  two  classes,  distinguished  by  their 
elevation  into  low  and  high.  Those  of  the  former  class  appear 
to  be  entirely  of  modem  formation,  the  product  of  that  ac- 
cumulation of  coral  reefs,  which  Flinders  and  others  have 
described  in  so  interesting  a  manner. 

The  high  islands,  on  the  contrary,  are  chiefly  volcanic, 
though  in  the  Friendly  and  Marquesas  group  primitive  rocks 
occur,  and  in  Waohoo  porphyry  and  amygdaloid. 

Now  although  the  latter,  being  exclusively  of  aqueous 
origin,  may  seem  to  have  nothing  to  do  with  the  subject  of 
volcanos,  yet  a  little  explanation  will  establish  such  a  con- 
nexion between  their  formation,  and  the  existence  of  those 
igneous  operations  which  it  is  the  purpose  of  this  work  to 
elucidate,  that  it  will  appear  impossible  to  doi  justice  to  the 
latter,  without  entering  in  some  degree  into  the  natural  history 
of  the  coral  reefs  which  are  here  so  abundant. 

Mr.  Darwin,  to  whom  we  are  indebted  for  the  most  recent, 
as  well  as  the  most  philosophical  view  yet  offered  on  this  latter 
subject,  distinguishes  coral  reefs  into  three  classes,  namely 
Atolls  or  lagoon  islands ;  barrier  reefs ;   and  fringing  reefs. 

The  first  of  these.  Atolls  or  lagoon  islands,  are  rings  of 
coral  reefs  surrounding  a  basin  of  sea-water  of  considerable 
depth,  which  is  inclosed  within  this  area.   The  reefs  are  made 

•  Kotzebue's  Voyage  of  Discovery,  vol.  ii.  p.  355. 
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up  of  Poriles  and  Milleponc,  corallinea  which  can  only  liv 
whei-e  they  are  constantly  covered  by  water.  There  are  also 
three  species  of  Nulliporje,  which  require  alternate  immersion 
and  emersion,  and  which  fiiuge  the  reef  for  a  space  of  about 
twenty  yards  in  width. 

On  this  reef  many  islets  are  formed,  through  the  accumula- 
tion of  piles  of  fragments  thrown  together  from  time  to  time 
by  some  unusually  strong  gale.  These  become  cemented 
together  by  the  (lercolation  of  calcareous  matter,  and  thus 
resist  the  further  action  of  the  waves. 

The  lagoon  is  partially  filled  up  with  corallines  and  with 
tnud  proceeding  from  their  detritus.  Fish  feed  on  the  corals, 
and  excrete  their  comminuted  earthy  contents,  by  which  a 
mass  of  coralline  mud  is  produced. 

The  following  sketch,  from  Captain  Beechey's  'Voyage,'  of 
Whitsunday  Island,  in  the  South  Pacific,  may  serve  to  repre- 
sent the  aspect  of  these  lagoon  islands'; — 


Atoll  or  Lagoon  Island. 


Barrier  reefs  differ  from  Atolls  chiefly  in  containing  in 
their  centre  an  island.  The  reef  is  divided  from  the  latter  by 
a  body  of  deep  water,  just  as  is  the  case  with  the  Atolls. 
Sometimes  the  reef  which  encircles  the  island  is  entirely  con- 
verted into  land ;  in  others  the  sea  washes  over  it,  excepting 
in  certain  places,  where  portions  of  the  reef  project  above  the 
level  of  the  waters. 

The  folloiving  sketch,  taken  from  the  'Voyage  of  the  Co- 

■  Darwin  un  CornI  Ri'efs.   Introduction,  page  2. 
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quiUe,'  will  convey  an  idea  of  a  barrier  reef  as  seen  from 
within*: — 


Barrier  reef. 

Fringing  reefs  are  collections  of  corallines  which  skirt  the 
coasts  of  an  island,  or  part  of  a  continent,  in  the  manner  of  a 
barrier  ree^  from  which  however  they  di&r  in  the  absence  of 
an  interior  deep-water  channel.  It  is  probable  therefore  that 
they  grow  from  that  portion  of  the  slope  of  the  continent  or 
isUmd,  which,  in  consequence  of  its  low  position,  is  constantly 
submerged.  These  reefs  therefore  are  probably  attached  to 
the  land  which  they  invest,  whilst  barrier  reefs  are  detached. 

Atolls  are  frequent  both  in  the  Pacific  and  Indian  Oceans. 
Thus  the  Low  Archipelago  and  the  Caroline  Archipelago  in 
the  former,  the  Maldives  and  the  Laccadives  in  the  latter, 
are  a>roposed  of  Atolls. 

Barrier  reefs  occur  amongst  the  Society  Islands,  the  Gam- 
bier  group,  and  many  others  in  the  Pacific.  Those  in  Au- 
stralia and  New  Caledonia  are  remarkable  for  their  great 
length,  in  the  latter  extending  400  miles,  and  in  the  former 
nearly  1000  miles. 

Of  fiioging  reefs  the  Mauritius  presents  a  good  example : 
they  extend  round  the  whole  island,  breached  by  a  straight 
passage  opposite  to  eveiy  river  and  streamlet.  In  many 
places  the  coast  of  Brazil  is  fringed  with  reefs,  which  however 
are  not  always  of  coral  formation. 

Now,  as  it  is  on  all  hands  admitted  that  there  is  a  certain 
depth  below  which  corallines  cannot  live,  and  as  the  ocean 

*  Darwin,  Coral  Reefa,  Introduction,  page  3. 
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around  many  of  these  reefs  is  known  tn  be  uti  fathom  able,  the 
latter,  it  is  evident,  must  rest  upon  some  foundation. 

Accordingly  it  has  been  conjectured  that  there  is  uncier  o-cry 
Atoll  or  barrier  reef,  a  range  of  uplifted  rock  rising  nearly 
to  the  surface  of  the  water.  The  limits  within  which  coral- 
lines are  able  to  work  being  from  one  to  about  eighty  fathoms, 
the  uplifted  land  must,  according  to  this  hypothesis,  present 
a  tolerably  level  surface,  not  varying  more  than  to  that  amount. 
The  first  question  therefore  that  occurs  is,  whether  such  a  sup- 
posilion  can  be  sustained.  Dnubtless  the  analogy  of  moun- 
tainous tracts  on  continents  leads  to  a  very  different  conclu- 
sion ;  but  it  may  perhaps  be  urged,  that  the  serrated  and 
undulating  surface  which  a  mountainous  group  presents,  is 
caused  by  the  decomposing  action  of  the  elements,  from 
which  submarine  tracts  are  secured.  If  we  suppose  the  land 
underneath  the  ocean  to  be  upheaved  to  different  heights, 
some  portions  rising  above  the  waters,  and  the  rest  occupying 
various  levels  underneath  them,  it  is  evident  that  corals  would 
only  grow  upon  those  portions  which  were  not  submerged  to 
a  greater  depth  than  eighty  fathoms  from  the  surface. 

The  land  above  this  elevation  being  exposed  at  once  to  the 
action  of  the  waves  and  of  meteoric  agents,  might  be  slowly 
abraded,  until  in  many  cases  the  whole  was  ground  down 
below  the  sea's  level,  when  a  thin  layer  of  coralhnes  would 
immediately  be  formed  upon  it.  By  degrees  the  whole  of 
that  portion  of  the  land  which  was  not  below  the  depth  at 
which  corals  work,  would,  through  their  influence,  be  brought 
to  the  surface,  and  thus  an  AtoU  or  barrier  reef  might  be 
formed,  according  as  any  portion  of  uphfted  land  remained 
above  the  waters  or  not.  With  regard  to  the  circular  or  ring- 
like  form  of  these  two  kinds  of  reefs, — this,  it  h.is  been  con- 
jectured, may  have  arisen  from  the  basis  being  in  each  case 
a  volcanic  crater;  but  Chamisso  supposes,  with  greater  pro- 
bability, that  as  the  more  massive  kinds  of  coral  prefer  the 
surf,  the  outer  portions,  in  a  reef  rising  from  a  submarine 
basis,  would  first  reach  the  surface,  and  consequently  produce 


Such  is  the  manner  in  which  coral  reefs  have  been  ex- 
plained on  the  theory  of  elevation,  the  most  formidable   ob- 
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jectioD  to  which  is,  the  necessity  of  assuming,  that  in  every 
instance  the  basis  must  be  supposed  to  consist  of  a  flat  bank ; 
and  in  the  case  of  a  barrier  reef  there  is  the  further  di£5culty 
of  supposing,  an  abrupt  sinking  round  the  central  island,  and 
then  an  uprising  to  a  level  within  eighty  fathoms  of  the  sur- 
face, and  this  too  continued  with  the  greatest  regularity,  in 
some  cases  for  many  hundred  miles,  as  is  exemplified  in  the 
great  barrier  reef  fronting  the  coast  of  Australia. 

Mr.  Darwin  has  in  consequence  proposed  a  theory  just  the 
opposite  to  the  foregoing,  that  namely  of  subsidence. 

He  supposes  that,  at  some  antecedent  period,  a  large  tract 
of  that  which  now  constitutes  a  part  of  the  Pacific  Ocean 
was  dry  land ;  but  that  it  has  for  many  centuries  past  been 
slowly  subsiding,  until  at  length  the  upper  surface  of  the 
rock  sunk  beneath  the  level  of  the  waters. 

Whenever  this  event  occurred,  the  coral  animals  would 
commence  their  labours,  and  would  go  on  building  up  to 
the  point  at  which  they  were  no  longer  covered  by  the  waves 
and  spray. 

If  therefore  this  subsidence  be  supposed  to  have  continued, 
a  provision  would  exist  for  the  continuation  also  of  this  build- 
ing process,  for  the  land  sinking  still  further,  the  corals 
might  go  on  adding  to  the  bulk  of  the  reef,  without  ever 
attaining  the  level  of  the  water ;  and  in  this  manner  during 
a  vast  succession  of  ages,  a  thickness  of  coralline  matter 
would  be  produced,  equivalent  to  the  amount  of  depression 
which  the  rock  upon  which  it  reposed  had  in  the  meantime 
undergone. 

The  more  vigorous  growth  of  the  corals  on  the  outer 
margin,  from  having  space  to  expand,  and  from  being  freely 
exposed  to  the  open  sea^  will  account  for  the  annular  form 
which  the  reef  usually  assumes,  with  a  hollow  within  filled 
with  sea-water ;  and  this  not  only  where  there  is  a  central ' 
island,  as  in  the  case  of  a  barrier  reef,  but  also  where  there  i^ 
none,  as  in  that  of  the  Atoll  or  lagoon  island. 

The  absence  of  this  internal  hollow  between  the  land  and 

the  growing  mass  of  coral  serves  to  show,  that  in  the  third 

kind,  the  fringing  reef,  there  has  been  no  subsidence;  for, 

had  there  been  any^  the  progressive  rise  of  the  coral  on  the 

margin,  in  a  greater  ratio  than  that  within,  would  have  by 

degrees  produced  a  corresponding  hollow. 

2  E  2 


420  PACIFIC  OCEAN. 

This  hypothesis  ingeniously  explains  the  great  thickness  ot 
coral  reefs  now  in  the  act  of  forming,  in  accordance  with  the 
habits  of  the  animals  which  construct  them  ;  and  it  is  more- 
over supported,  not  only  by  the  proofs  of  subsidence  atTorded 
in  other  analogous  cases  by  the  observations  of  geologists, 
who  frequently  find  trees  and  other  productions  of  dry  land 
standing  in  situ,  covered  over  by  several  thousand  feet  of 
aqueous  deposits,  but  also  by  the  testimony  of  the  inhabitants 
and  casual  visitors  of  these  very  islands,  who  speak  to  the 
fact  of  many  of  them  having  within  a  few  years  undergone  a 
partial  submergence. 

It  is  also  not  improbable,  that  if  an  elevation  of  the  crust 
of  the  globe  is  taking  place  over  certain  areas,  a  corresponding 
sinking  of  it  should  occur  in  others ;  and  Mr.  Danvin's  own 
interesting  observations  in  South  America  (not  to  mention 
those  of  others)  have  established  the  fact  of  a  similar  up- 
heaval of  the  continent  going  on  in  parts  of  South  America, 
to  that  which  Linnaeus  had  pointed  out  as  holding  good  with 
respect  to  Scandinat-ia,  where  the  inquiries  of  Mr.  Lyell  have 
of  late  fully  substantiated  its  existence. 

But  whether  we  adopt  the  theory  of  elevation  or  of  subsi- 
dence to  account  for  the  Coral  islands  of  the  Pacific,  the 
agency  of  volcanic  forces  seems  equally  implied,  directly 
indeed  according  to  the  former  view  of  the  case,  indirectly  in 
the  latter,  inasmuch  as  the  subsidence  of  a  large  tract  of  the 
land  covered  by  the  Pacific  Ocean,  may  be  regarded  as  the 
result  of  a  corresponding  upheaval  of  the  South  American 
continent  by  volcanic  forces. 

This  however  would  imply  theabsenceor  paucity  of  igneous 
operations  over  the  tract  in  which  Atolls  and  barrier  reefs 
now  abound  ;  but  not  so  in  the  case  of  fringing  reefs,  where, 
on  the  contrary,  an  clevatory  movement  may  be  expected  to 
be  going  on,  by  which  the  eoral  reef  will  be  made  to  extend 
itself  outwards,  in  proportion  as  more  and  more  of  the  land 
which  had  been  covered  by  the  waters,  is  brought  within  the 
sphere  in  which  these  animalcules  can  carry  on  their  ope- 
rations. 

It  remains  then  to  be  seen,  whether  the  situation  of  the 
volcanos  which  exist  within  the  area  under  our  consideration, 
is  such  as  accords  with  the  above  hypothesis. 
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The  Mariana  or  Ladrone  Islands  constitute  a  sort  of  moun- 
tain chain,  consisting  of  a  line  of  active  volcanos^  especially 
towards  their  norths  which  is  parallel  to  that  of  the  Philip- 
pine group^  whereas  those  in  the  islands  that  lie  detached  in 
the  middle  of  the  basin^  of  which  these  two  groups  are  the 
boundaries^  seem  for  the  most  part  to  be  extinguished*. 

Von  Buch  however  states^  upon  the  authority  of  La  Pe- 
rouse^  that  there  are  no  less  than  seven  volcanos  between 
these  islands  and  Japan.  The  Sandwich  group  is  generally 
stated  to  contain  only  one  active  volcano^  namely  Kirauea 
in  the  island  of  Owhyhee,  of  which  Mr.  Ellis^  the  mis- 
sionary, has  given  us  a  very  vivid  description  in  his  ^Tour  of 
Hawaii  f/ 

The  plain,  over  which  their  way  to  the  mountain  lay,  was 
a  vast  waste  of  ancient  lava,  which  he  thus  describes : — 

"  The  tract  of  lava  resembled  in  appearance  an  inland  sea,  bounded 
by  distant  mountains.  Once  it  had  certainly  been  in  a  fluid  state, 
but  appeared  as  if  it  had  become  suddenly  petrified,  or  turned  into 
a  glassy  stone,  while  its  agitated  billows  were  rolling  to  and  fro. 
Not  only  were  the  large  swells  and  hollows  distinctly  marked,  but 
in  many  places  the  surface  of  these  billows  was  covered  by  a  smaller 
ripple,  like  that  observed  on  the  surface  of  the  sea  at  the  springing 
up  of  a  breeze,  or  the  passing  currents  of  air,  which  produce  what 
the  sailors  call  a  cat's-paw.  About  two  p.m.  the  crater  of  Kirauea 
suddenly  burst  upon  our  view.  We  expected  to  have  seen  a  mountain 
with  a  broad  base  and  rough  indented  sides,  composed  of  loose  slags, 
or  hardened  streams  of  lava,  and  whose  summit  would  have  presented 
a  rugged  wall  of  scoria,  forming  the  rim  of  a  mighty  caldron.  But, 
instead  of  this,  we  found  ourselves  on  the  edge  of  a  steep  precipice, 
with  a  vast  plain  before  us  fifteen  or  sixteen  miles  in  circumference, 
and  sunk  from  200  to  400  feet  below  its  original  level.  The  sur- 
face of  this  plain  was  uneven,  and  strewed  over  with  huge  stones  and 
volcanic  rock,  and  in  the  centre  of  it  was  the  great  crater,  at  the 
distance  of  a  mile  and  a  half  from  the  place  where  we  were  standing. 
We  walked  on  to  the  north  end  of  the  ridge,  where,  the  precipice 
being  less  steep,  a  descent  to  the  plain  below  seemed  practicable. 
With  all  our  care,  we  did  not  reach  the  bottom  without  several  falls 
and  slight  bruises.     After  walking  some  distance  over  the  sunken 


•  Chamisso  in  Kotzebue's  Voyage  of  Discovery,  vol.  ii.  p.  353. 
t  London,  1826,  p.  199. 
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plain,  wbich  in  sevcnil  places  sounded  hollow  under  our  feet,  we  &t 
length  came  to  the  edge  of  the  great  crater,  where  a  epcctacle  sublime, 
and  eren  appalling,  presented  U'telf  before  us.  Immediately  before  us 
fawned  an  immense  gulf,  in  the  farm  of  a  crescent,  about  two  miles 
in  length  from  north-east  to  south-nest,  nearly  a  mile  in  width,  and 
apparently  800  feet  deep.  The  bottom  woa  covered  witb  lava,  and  the 
south-west  and  northern  parts  of  it  were  one  vast  flood  of  burning 
matter,  in  a  state  of  terrific  ehuilition,  rolling  to  and  fro  its  '  fiery 
aurge '  and  flaming  billows.  Fifty-one  conical  islands  of  varied  form 
and  eize,  containing  so  many  craters,  rose  eitber  round  the  edge,  or 
from  the  surface  of  the  burning  lake  ;  twenty-two  constantly  emitted 
columns  of  grey  smoke,  or  pyramids  of  brilliant  Same ;  and  several 
of  these  at  the  same  time  vomited  from  their  ignited  mouths  streams 
of  lava,  which  rolled  in  blading  torrents  down  their  block  indented 
Bides,  into  the  boiling  mass  helow.  The  existence  of  these  conical 
craters  led  us  to  conclude  that  the  boiling  caldron  of  lava  before  ua 
did  not  form  the  focus  of  the  volcano  ;  that  this  mass  of  melted  lava 
n-as  comparatively  shallow ;  and  that  the  hasin  in  which  it  was 
contained  was  separated  by  a  stratum  of  solid  matter  from  the  great 
volcanic  abyss,  which  constantly  poured  out  its  melted  contents 
through  these  numerous  craters  into  this  upper  reservoir.  The 
aides  of  the  gulf  before  us,  although  composed  of  difl^erent  strat»  of 
ancient  lava,  were  perpendicular  for  about  400  feet,  and  rose  £ram  a. 
wide  horizontal  led^e  of  solid  hlack  lava  nf  irregular  hrendth ;  but 
extending  completely  round,  beneath  this  ledge,  the  sides  sloped 
gradually  towards  the  burning  lake,  which  was,  as  nearly  aa  we 
could  judge.  300  or  400  feet  lower.  It  was  evident  that  the  large 
crater  had  been  recently  filled  with  liquid  lava  up  to  this  black 
ledge,  and  had,  by  some  subterraneous  canal,  emptied  itself  into  the 
sea  or  under  the  low  land  on  the  shore.  The  grey,  and  in  some 
places  ajiparently  calcined  sides  of  the  great  crater  before  us — the 
fissures  which  intersected  the  surface  of  the  plain  on  which  we  were 
standing — the  long  banks  of  sul])hur  on  the  opposite  side  of  the 
abyss — the  vigorous  action  of  the  numerous  small  craters  on  its 
borders — the  dense  columns  of  vapour  and  smoke  that  rose  at  the 
north  and  south  end  of  the  plain — together  with  the  ridge  of  steep 
rocks  by  which  it  was  surrounded,  rising  probably  in  some  places 
300  or  400  feet  in  perpendicular  height,  presented  an  immense  vol- 
canic panorama,  the  efl^ect  of  which  was  greatly  augmented  by  the 
constant  roaring  of  tlie  vast  furnaces  below*." 
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This  volcano  had  an  eruption  in  1832^  which  was  witnessed 
by  the  unfortunate  Douglas* .  He  also  describes  the  lava  as 
in  ebullition,  and  in  a  state  of  such  liquidity  as  to  flow  down 
the  mountain  at  the  rate  of  three  miles  and  a  quarter  an  hour. 
He  describes  two  lakes  of  liquid  lava  existing  within  the  crater, 
also  in  a  state  of  iiirious  ebullition,  sometimes  spouting  up 


spersed,  and  deserves  on  that  account  to  be  placed  by  the  side  of  Hender- 
son's Iceland,  to  which  I  have  had  occasion  to  refer. 

His  account  is  enlivened  by  introducing  a  few  of  the  legends  to  which  the 
striking  natural  phaenoroena  of  the  island  have  given  rise  ;  for  the  natives 
of  Owhyhee,  like  the  Greeks  and  Persians  of  old,  have  peopled  the  recesses 
of  the  mountain  Kirauea  with  a  tribe  of  deities,  both  male  and  female,  the 
belief  in  whose  power,  kept  alive  as  it  is  by  repeated  volcanic  explosions, 
was  too  deeply  rooted  in  their  minds  to  be  effaced  even  by  the  authority 
of  their  sovereign,  who  in  1819  decreed  the  summary  abolition  of  all  idola- 
trous worship. 

The  natives  still  persist  in  believing  that  the  conical  craters  of  the  moun- 
tains are  the  houses  of  their  gods,  where  they  frequently  amuse  themselves 
by  playing  at  konan^  (a  game  like  draughts) ;  that  the  roaring  of  the  fur- 
naces and  the  crackling  of  the  flames  are  the  music  of  their  dance ;  and  that 
the  red  flaming  surge  is  the  surf  in  which  they  play,  sportively  swimming 
on  the  rolling  wave. 

Some  of  their  legends  may  remind  us  of  those  that  prevailed  among  the 
Greeks. 

Thus  one  of  their  kings,  who  had  offended  P^l^,  the  principal  goddess  of 
the  volcano,  is  pursued  by  her  to  the  shore,  where  leaping  into  a  canoe  he 
paddles  out  to  sea.  Pk\h,  perceiving  his  escape,  hurls  after  him  huge 
stones  and  fragments  of  rocks,  which  fall  thickly  around,  but  do  not  strike 
the  canoe.  A  number  of  rocks  in  the  sea  are  shown  by  the  natives,  which, 
like  the  Cyclopean  Islands  at  the  foot  of  Mount  Etna,  are  said  to  have  been 
those  thrown  by  Pel^  to  sink  the  boat. 

I  recommend  the  perusal  of  this  legend  (which  may  be  seen  in  page  266 
of  Mr.  £llis's  book)  as  very  characteristic  of  the  manners  and  feelings  of 
savage  life.  The  king  is  represented  as  taking  little  pains  to  secure  the 
escape  of  any  one  but  himself,  for  his  mother,  wife  and  children  are  all 
abandoned  without  compunction ;  his  conduct  to  the  friend  who  accom- 
panies him  is  the  only  trait  which  redeems  his  character  from  the  charge  of 
utter  selfishness  ;  nor  among  the  natives  who  tell  the  story,  is  their  praise 
of  the  adroitness  with  which  he  effected  his  escape,  at  all  less  commended 
on  account  of  this  desertion  of  his  nearest  relations. 

*  See  Joum.  of  the  Geographical  Society,  vol.  iv.  This  active  naturalist 
met  with  a  horrible  death,  as  is  well  known,  by  falling  into  a  pit  made  by 
the  natives  of  the  Sandwich  Islands  for  catching  wild  bulls,  one  of  the 
latter  being  in  it  at  the  time. 
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to  the  height  of  from  twenty  to  seventy  feet,  rolling  and 
tumbling  iu  fieiy  waves,  and  finnlly  precipitated  duwn  a 
ledge  of  rock  to  a  depth  of  about  forty-three  feet,  with  a  tre- 
tnendous  noise,  and  with  a  disengagement  of  the  same  fila- 
mentous glaas  which  will  be  noticed  when  we  apeak  of  the 
Isle  of  Bourbon. 

Besides  the  volcano  of  Kirauea,  which  is  in  activity,  there 
are  several  in  an  extinguished  state.  One  of  them,  Mouna- 
Roa,  is  calculated  by  Captain  King  at  16,020  feet  in  height, 
estimating  it  according  to  the  tropical  line  of  snow.  Another, 
Mouna-Kaah,  the  peaks  of  which  are  entirely  covered  with 
snow,  cannot  be  less,  he  thinks,  than  18,400  feet.  Mr.  Ellia 
reckons  the  height  at  between  15,000  and  16,000  feet. 

Von  Buch,  from  a  comparison  of  a  number  of  separate  ob- 
servations, estimates  its  height  at  only  12,693  French  feet. 
He  regards  it  as  the  focus  of  the  volcanic  forces  that  exist  in 
the  Pacific  ;  and  although  now  viewed  as  extinct,  yet  it  is 
stated  that  the  neighbouring  mountain  of  Mouna-Wororay, 
the  height  of  which  is  estimated  at  10,122  feci,  had  an  erup- 
tion in  1801  *. 

The  whole  island  of  Owbyhce  indeed,  embracing  a  space 
of  '1000  square  miles,  is,  according  to  the  observations  of  Mr. 
Ellis,  one  complete  mass  of  lava,  or  other  volcanic  matter  in 
different  stages  of  decomposition.  Perforated,  he  says,  with 
innumerable  apertures  in  the  shajie  of  craters,  the  island 
forms  a  hollow  cone  over  one  vast  furnace,  situated  in  the 
heart  of  a  stupendous  submarine  mountain  rising  from  the 
bottom  of  the  sea;  or  possibly  the  fires  may  range  with 
augmented  force  beneath  the  bed  of  the  ocean,  rearing  through 
the  superincumbent  weight  of  water  the  base  of  Hawaiahf, 
and  at  the  same  time  forming  a  pyramidal  funnel  from  the 
furnace  to  the  atmosphere. 

Strzelecki  (Desc.  of  New  South  Wales,  page  106)  remarks 
on  this  volcano,  that  labradorite,  orthoclasc  and  albite  were 
all  found  as  constituents  of  the  same  lava-current  in  Kirauea, 
within  au  area  of  four  cubic  Icet.     Tlic  same  mass  of  rock 

*  TurQbull. 

+  I  adopt  Ihc  mcire  usual  iiiclhod  of  spelling.  KIlis  in  his  laletourcalls 
ihe  island  Hawaii. 
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too,  which  was  close-grained  basalt  below,  passed  gradually 
into  scoriaceous  lava  in  its  upper  portions. 

The  islands  of  Revillagigedo,  near  the  coast  of  Mexico,  lie 
nearly  in  the  same  latitude,  and  being  volcanic  may  perhaps 
connect  the  band  of  igneous  operations  going  on  beneath  the 
Pacific  with  that  of  North  America.  Further  south,  nearly 
parallel  with  the  equator,  and  with  the  volcanos  of  Quito, 
which  will  be  afterwards  considered,  is  the  Galapagos  group, 
of  which  Mr.  Darwin  has  given  us  so  interesting  an  account. 
It  consists  of  five  principal  islands  and  of  several  small 
ones,  all  of  which  are  volcanic,  and  on  two  of  them  craters 
have  been  seen  in  a  state  of  eruption* 

The  craters  are  extraordinarily  numerous,  amounting  per- 
haps to  more  than  2000,  and  are  formed  either  of  tufi*,  or  of 
scoriae  and  lava.  The  tufi*  is  met  with  in  two  forms ;  the  one 
friable,  like  sUghtly  consolidated  ashes ;  the  other  compact, 
with  a  lustre  resembling  resin,  of  a  yellowish  brown  colour, 
and  translucent.  It  is  brittle,  with  an  angular,  rough,  and 
very  irregular  fracture,  and  in  hand  specimens  might  be 
taken  for  pitchstone,  although  when  examined  on  the  large 
scale,  its  concretionary  structure  reveals  its  real  origin.  Mr. 
Darwin  suggests,  that  the  remarkable  change  which  this  ma* 
terial  appears  to  have  undergone  since  it  was  first  deposited 
under  water,  may  have  arisen  either  firom  the  action  of  heated 
water  within  the  craters,  or  more  probably  from  the  admix- 
ture of  the  calcareous  matter  which  penetrates  it  in  thin 
seams. 

I  have  already  alluded  (page  320)  to  a  similar  kind  of  tufi* 
found  in  Iceland  and  Sicily,  and  called  by  Baron  Walter- 
hausen,  who  first  described  it  in  these  two  islands,  palagonite. 
Professor  Bunsen  of  Marburg  has  identified  this  rock  with 
the  one  described  by  Darwin,  and  promises  us  a  memoir  on 
the  nature  and  relations  of  this  newly-recognised  volcanic 
product. 

The  craters  composed  of  tuff  are  for  the  most  part  broken 
away  on  their  southern  side,  which  is  attacked  by  the  united 
force  of  the  trade-wind,  and  the  swell  propagated  from  the 
distant  parts  of  the  open  ocean,  here  coinciding  in  their 
direction. 
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With  regard  to  those  cratera  that  do  not  consist  of  tuff, 
their  mineraiogical  constitution  is  basaltic,  in  which  aibite 
occurs  ia  imbedded  crj'stals  associated  with  augite,  aud  some- 
times with  olivine.  One  nearly -destroyed  crater  is  made  up 
of  nine  very  thin  seams  of  reddish  brown  vesicular  basalt, 
with  aibite  crystals,  separated  one  from  the  other  by  equally 
thin  beds  of  loose  scorise.  It  is  remarkable,  that  although 
the  felspar  is  of  tike  albitic  species,  pumice  is  absent.  The 
barrenness  of  these  islands  however  is  quite  in  accordance 
with  the  refractory  nature  of  &lbite,  as  compared  with  other 
species  of  febpar. 

In  the  thirty-third  degree  of  south  latitude,  about  110 
leagues  west  of  the  coast  of  Chili,  ia  the  island  of  Juan  Fer- 
nandez, which,  accordiug  to  Mr.  Caldcleugh,  is  composed  of 
greenstone  and  trap  of  various  kinds,  both  amorphous  and 
vesicular,  containing  olivine  and  carbonate  of  lime.  The 
basalt  is  in  some  places  almost  columnar,  and  traversed  by 
dykes.  It  would  appear  from  this  description  as  if  the  whole 
of  the  island  was  of  submarine  origin,  and  the  volcanic  forces 
no  longer  in  action ;  but  Mr.  Darwin  has  stated*,  that  during 
the  great  earthquake  of  Chili  in  1835j  not  only  was  this 
island  more  violently  shaken  than  the  opposite  coast  of  the 
mainland,  but  a  submarine  volcano,  which  continued  in  action 
during  the  day  and  part  of  the  following  night,  burst  forth 
near  Bacalao  Head,  where  the  depth  was  afterwards  ascer- 
tained to  be  sixty-nine  fathoms.  The  island  was  also  affected 
by  the  earthquake  of  1751,  which  overthrew  Conception. 

Returning  now  to  the  Polynesian  Archipelago,  we  recog- 
nise in  the  group  of  the  Society  Islands  a  lolly  trachytic 
cone,  rising  to  a  height  probably  not  inferior  to  Etna,  in  the 
island  of  Otaheite.  This  is  the  mountain  of  Tobreonu,  which 
is  represented  as  extremely  steep,  and  with  a  lake  on  its 
summit.  The  other  islands  are  basaltic,  but  no  active  vol- 
cano appears  to  exist  amongst  them. 

In  the  Friendly  Island  group  however,  a  volcano  is  said, 

by  Kotzebue,   to  have   been  seen  burning  in  Toofua.     It 

would  seem,  like   Btromboli,   to   be  in  a  state   of  continual 

•   Gcul.  Trans.  vi,L  v.    New  xri.-s. 


FRIENDLY  ISLANDS^  NBW  HEBRIDES^  ETC.  427 

Eruption,  for  Bligh^  Edwards,  and  others  have  observed  it 
burning.  Other  volcanos  seem  also  to  exist  in  the  same 
group,  as  at  Proby  Island,  and  in  that  of  Amargura  or 
Gardner,  where  Captain  Edwards  observed  traces  of  a  recent 
eruption. 

In  the  New  Hebrides,  the  island  of  Tanna  is  stated,  by 
Forster,  to  contain  a  very  active  volcano,  as  also  the  island  of 
Ahrim  in  the  same  group. 

South  of  the  New  Hebrides  lies  Matthew^s  Rock,  drawn 
and  described  as  an  active  volcano  in  the  'Voyage  of  the 
Astrolabe.'  Maltbrun  states  that  there  is  a  volcano  near  Port 
St.  Vincent  in  New  Caledonia ;  but  this  Mr.  Darwin  believes 
to  be  an  error,  arising  from  a  smoke  seen  upon  the  opposite 
coast  by  Cook,  which  disappeared  at  night.  The  probable  ex- 
istence of  volcanos  in  New  Guinea  has  been  already  noticed  in 
my  former  chapter ;  but  below  the  Salomon  Islands  a  volcano 
was  pointed  out  by  the  discoverer  Mendana*,  and  Dampier 
observed  one  at  the  western  entry  of  St.  George's  Channel 
in  New  Britain.  He  also  mentions  another  on  the  east  of 
New  Britain  near  Cape  Gloster,  first  perceived  by  Dampier^ 
and  again  noticed  by  La  Billardiere  in  17^3. 

From  this  statement  it  appears  that  volcanic  action  is  still 
rife  in  various  parts  of  the  Pacific  Ocean,  included  within 
north  latitude  15^  and  30°,  and  in  south  latitude  below  the 
parallel  of  16^;  but  that  there  is  an  intermediate  tract  on 
either  side  of  the  equator,  over  which  a  number  of  low  coral 
islands  are  scattered,  entirely  exempt  from  all  indications  of 
the  kind,  at  least  until  we  approach  the  shores  of  the  American 
continent,  where  the  Galapagos  group  make  their  appearance. 
These  latter  however,  as  well  as  the  islands  of  Revillagigedo 
and  Juan  Fernandez,  are  so  remote,  that  they  may  well  be 
considered  as  belonging  to  another  system,  and  hence  we 
can  more  easily  admit  the  view  for  which  Mr.  Darwin  con- 
tends, that  the  tract  alluded  to  is  the  seat  of  a  vast  subsi- 
dence, the  rate  of  which  may  be  supposed  to  keep  pace  in 
the  main  with  the  rate  of  growth  which  the  coralline  forma- 
tions are  experiencing. 

This  tract  is  in  general  avoided  by  navigators,  from  the 

*  Burncy,  vol.  i.  p.  280. 
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dangers  arising  from  the  numerous  coral  reePs  whicit  exist 
under  water,  as  well  as  forming  islands  above  it.  From  these 
rocks  the  latitudes  to  the  north  and  south  are  in  (Treat  mea- 
sure exempt,  showing  that  the  formation  of  coral  is  in  a 
degree  coincident  with  the  area  of  subsidence. 

That  the  contrary  process  is  going  on  where  volcanic  forces 
are,  or  have  been  in  operation,  has  been  inferred  in  the  case 
of  Otaheite,  from  Mr.  Stutchbury  having  discovered  uear  tlie 
summit  of  one  of  the  loftiest  mountains  of  Otaheite,  at  the 
height  of  several  thousand  feet,  a  stratum  of  semi-fossil  coral. 
But  Mr.  Darwin  regards  it  as  very  doubtful  ivhether  the 
latter  was  in  situ,  and  is  inclined  to  consider  the  elevation  of 
this  and  the  other  volcanic  islands  belonging  to  the  same 
group,  as  of  great  antiquity.  Not  so  however  the  Sandwich 
Islands,  the  New  Hebrides,  the  Friendly  Islands,  and  others 
which  have  been  noted  as  the  seat  of  active  volcanos,  and 
which  are  siirrounded  hj  fringing  reefs. 

Here  more  unequivocal  marks  of  recent  upheaval  are  dis- 
played, in  the  abundance  of  elevated  corals  and  shells,  ap- 
parently identical  with  living  species  that  are  everywhere 
discovered,  Karthquakes  also,  a  common  cause  of  elevatory 
movements,  as  will  be  afterwards  shown,  are  common  in  these 
portions  of  the  Archipelago. 

Between  the  New  Hebrides  and  New  Zealand  lies  Brim- 
stone Island,  which,  from  the  high  temperature  of  the  water 
in  the  crater,  may  be  ranked  as  active  *. 

New  Zealand  itself  seems  to  be  indebted  to  volcanos  for 
much  of  its  formation.  The  southern  and  middle  islands 
indeed  have  as  yet  been  but  little  explored,  but  in  the  north- 
ern we  recognise  an  active  vent  in  Mount  Eginont,  a  moun- 
tain no  less  than  S829  feet  in  height,  according  to  Dietfenbach, 
M*hieh  rises  from  a  table-land,  and  consists  of  clinkstone 
covered  over  on  the  summit  with  scoria;. 

In  the  north  of  this  same  island,  we  may  consider  the 
whole  tract  to  the  westward  and  north^^■ard  of  the  Bay  of 
Islands  as  a  volcanic  table-land.  The  lake  Maupere  seems 
to  he  a  crater  broken  away  on  its  westeru  margin.  Its  lavaa 
resemble,  in  the  freshness  of  their  ap])carancc,  those  of  Au- 

•    KpikIiiuis,  Vnlbnufik-  ii.  Ikf,  5  :«:. 
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vergne^  and  thermal  waters  are  abundant  in  its  neighbour- 
hood. 

Near  Auckland  ako  are  several  volcanic  cones.  Rongitoto 
is  a  volcanic  island,  with  a  crater  about  150  feet  deep.  Be-* 
tween  Waitemata  and  Manukao,  a  number  of  cones  of  extinct 
volcanos  rise  above  the  table-land ;  they  are  strewed  over  with 
scoriae,  and  sometimes  still  retain  vestiges  of  a  crater. 

Near  Maunga-Tautari  the  thermal  waters  appear  scarcely 
less  interesting  than  the  geysers  of  Iceland.  They  send  forth 
jets  of  water  to  a  height  of  eight  or  ten  feet,  depositing  alum 
and  sulphur,  and  exhaling  a  slight  smell  of  sulphuretted 
hydrogen.  Near  them  the  mud  is  raised  to  a  temperature 
exceeding  that  of  boiUng  water,  or  to  216^. 

It  is  however  round  about  the  mountain  of  Tongariro,  which 
rises  to  the  height  of  6200  feet,  that  the  connexion  between 
hot  springs  and  volcanos  is  most  manifest.  This  mountain 
may  be  regarded  as  an  active  volcano,  if  the  constant  emis- 
sion of  steam  from  a  crater  be  a  sufficient  indication,  for  such 
appears  to  be  the  case  from  the  report  of  Mr.  Bidwell,  who 
first  ascended  it. 

He  describes  the  cone  as  consisting  of  loose  scoriae ;  but 
there  were  from  time  to  time  emissions  from  it  of  hot  water 
and  mud,  which  poured  down  the  mountain,  coupled  with 
ejections  of  steam  and  of  black  smoke,  with  a  noise  like  that 
of  a  steam-engine,  but  no  lava  or  scoriae. 

White  Island,  in  its  neighbourhood,  is  a  solfatara  continu-^ 
ally  evolving  sulphur,  and  in  all  directions  round  are  nume- 
l*ous  hot  springs,  many  of  a  boiling  temperature,  and  deposit- 
ing silex,  like  those  of  Iceland,  as  well  as  magnesite.  This 
latter  fact  is  new,  and  might  lead  to  some  curious  specu^ 
lations. 

The  margins  of  the  lake  Taupo,  which  seems  to  have  been 
formerly  a  crater,  consist  of  trachyte,  and  the  mountains  near 
are  of  leucitic  lava.  There  seems  indeed  to  be  a  line  of  voU 
canos  ranging  from  N.E.  to  S. W.,  in  which  Mount  Egmont, 
Lake  Taupo,  Tongariro,  and  the  hot  springs  are  situated. 

Chatham  Islands,  which  lie  a  little  to  the  eastward  of  New 
Zealand,  are  stated  by  Dr.  DiefTenbach  to  be  volcanic*. 

•  Geogr.  Joarn.  vol.  xi.  new  series. 
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Many  of  the  mnuntains  have  a  pyramidal  form,  rtrongly 
indicative  of  their  origiu,  and  they  are  composed  of  basalt 
either  compact  or  cellular;  and  in  the  latter  case,  with  the 
cavities  sometimes  empty,  and  at  other  times  filled  with  car- 
bonate of  lime. 

In  Van  Diemen's  Land  no  active  volcauoa  occur;  but  Mr. 
Darwin  observed  on  the  west  side  of  Storm  Bay,  that  the 
Bandstone  strata  were  capped  by  streams  of  basaltic  lava  with 
olivine,  close  by  which  was  a  mass  of  brecciated  scoriae  con- 
taining pebbles  of  lava,  which  probably  marks  the  place  of 
an  ancient  submarine  crater.  Two  of  these  streams  of  basalt 
were  Bcparated  from  each  other  by  a  layer  of  argillaceous 
wacke,  which  could  be  traced  passing  into  partially  altered 
Bcoriae.  Strzelccki*  has  attributed  the  fossilization  of  the 
opalized  trees,  described  by  Dr.  Hooker,  to  the  lava  injected 
into  them  subsequently  to  the  period  of  the  variegated  sand- 
stone formation. 

Craters  of  extinct  votcanos  have  likewise  been  recognized 
in  Australia,  by  Mr.  Russellfj  near  Brisbane,  in  latitude  27°. 

Mr.  Jukes  too,  in  a  letter  with  which  he  has  favoured  me, 
states,  that  the  eastern  coaFt  of  Australia  for  3000  miles,  from 
Endeavour  Strait  to  Jervis  Bay,  has  pumice  pebbles  strewed 
along  it,  never  at  any  great  height  above  the  sea,  and  some- 
times imbedded  in  the  recently  formed  coal  and  other  con- 
glomerates of  that  coast.  He  also  mentions,  that  cellular 
trap,  or  lava  in  horizontal  strata,  occurs  as  the  most  recent 
rock  in  the  district  of  Port  I'hilip,  where  my  friend  Dr. 
Melvill,  who  visited  many  parts  of  New  South  Wales  on  his 
voyage  homewards  from  that  country,  informs  me  that  he 
recognized  the  existence  of  several  perfect,  though  extinct 
craters,  from  which  streams  of  lava,  probably  the  same  as 
those  alluded  to  by  Mr.  Jukes,  may  be  distinctly  traced  as 
having  proceeded. 

The  crater  he  visited  was  not  far  from  Mount  Macedon, 
near  the  range  of  the  Plenty,  and  went  by  the  name  of 
Crater  Mount,  being  about  thirty  miles  from  Port  Philip. 

•  Physical  Description  of  New  South  Wales,  p.  146. 
t  See  Rusaell  in  Geogr.  Journ.  vol.  w.,  and  likewise  a  Paper  by  Mr, 
Cunoinghara  in  the  'Procecdingaoftlie  Geological  Society,"  vol.  ii.  p.  109. 
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It  rose  from  a  level  plain,  over  which  were  scattered  several 
little  mammilloid  eminences,  consisting  of  volcanic  matter. 
The  crater  was  situated  in  the  centre  of  a  conical  mountain ; 
it  was  700  feet  deep  on  its  northern  side,  but  much  lower  than 
its  southern,  and  its  internal  diameter  was  about  600  feet. 
There  was  a  guUey  on  its  north-western  side.  It  was  com- 
posed of  scoriae ;  but  these  were  either  so  decomposed,  or  so 
intermixed  with  other  products,  as  to  allow  of  vegetation,  for 
the  interior  was  thickly  wooded. 

In  Torres  Strait,  Murray  Islands,  Damley  Island,  and 
Bramble  Key  are  stated  by  Mr.  Jukes  to  be  of  volcanic 
origin,  consisting  partly  of  conglomerates  and  sandstones 
made  up  of  the  detritus  of  lava,  with  which  is  associated  a 
limestone,  probably  that  of  the  great  coral  reef,  through  which 
these  rocks  have  forced  their  way. 

Strzelecki*  also  has  pointed  out  the  irruption  of  green- 
stones and  basalt  in  parts  of  the  Australian  Alps  behind 
Sydney,  but  this  must  have  taken  place  during  the  secondary 
period.  Mount  Hay,  2400  feet  in  height,  is  capped  by  basalt; 
but  Mount  Kosciuszko,  which  rises  6500  feet  above  the  sea, 
is  of  syenite.  These  lofty  mountains  however  seem  to  form 
an  exception  to  the  general  character  of  this  vast  continent, 
which,  like  that  of  Africa,  would  appear  to  be  destitute  of 
volcanos  in  its  interior,  and  hence  to  possess  a  general  equa- 
lity of  surface,  and  consequently  to  be  unprovided  with  great 
rivers  and  without  any  capabilities  of  improvement. 

We  must  not  confound  with  real  volcanos  the  pseudo-vol- 
canic appearances  presented  by  Mount  Wingen,  lat.  31^  54', 
long.  150^  56',  the  Burning  Mountain  described  by  the  Rev. 
Mr.  Wilton,  chaplain  at  Newcastle,  which  arise  evidently 
from  the  combustion  of  coal  f. 

The  lowest  point  ever  reached  by  man  within  the  southern 
hemisphere  was  south  latitude  777°>  where  nearly  in  the  same 
longitude  as  New  Zealand,  a  vast  extent  of  continent,  since 
called  Victoria  Land,  was  discovered  by  Sir  James  Ross  in 
his  exploring  expedition^  1841.     Here  two  volcanos  were  ob- 

*  Phys.  Descr.  of  New  South  Wales,  pp.  56  &  120. 
t  Journ.  Geogr.  Soc.  vol.  ii.  1832. 
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served,  the  one  extinct,  called  Mount  Terror,  the  other  in  n 
8tat«  oi' great  activity,  called  Mount  Erebus. 

The  latter  was  estimated  at  no  less  than  12,600  feet  above 
the  level  of  the  sea,  and  makes  part  of  a  stupendous  chain  of 
mountains,  belonging  to  a  new  continent  of  vast  but  un- 
defined extent,  the  whole  mass  of  which,  from  its  highest 
point  to  the  ocean's  edge,  is  covered  with  everlasting  snow 
and  ice*. 

This  icy  barrier,  running  east  and  west  on  this  parallel, 
forbids  any  further  progress  towards  the  pole,  or  any  nearer 
examination  of  the  igneous  phtenomena  there  displayed. 

*  I  cannot  help  quoting  thr  remarks  made  by  Dr.  John  Hiiokcr  id  h 
leller  lo  hia  father,  [lubliahcd  in  the  'Journal  of  Botaoy.'  on  this  woDdcrful 
spectacle: — 

"The  water  and  the  sky  were  both  tta  blue,  or  rather  more  intensely 
blue  thnn  I  have  ever  seen  them  m  the  tropics,  and  all  the  coast  one  mass 
of  dozzliogly  beautiful  peaks  of  snow,  which,  when  the  sun  approached  tbe 
horizon,  reflected  the  most  brilliant  tints  of  golden  yellow  and  scarlet; 
and  then  to  see  tbe  dark  cloud  of  smoke,  tinged  with  flame,  rising  from. 
the  volcano  in  a  perfect  unbroken  column,  one  side  jet-black,  the  other 
giving  hack  the  colours  of  the  sun,  sometimes  turning  off  at  a  right  angle 
by  some  current  of  wind,  and  elretctiiog  many  miles  to  leeward !  This 
was  H  sight  so  surpassing  everything  that  can  be  imagined,  and  so  height- 
coed  by  the  consciousness  that  we  have  penetmted,  under  the  guidance  of 
our  commander,  into  regions  far  beyond  what  was  ever  deemed  practicable. 
that  it  caused  a  feeling  of  awe  to  steal  over  us,  at  the  consideration  of  our 
own  comparative  insignificance  and  heljilcssncss,  and  at  the  same  time  an 
indescribable  feeling  of  the  greatness  of  the  Creator  in  the  works  of  his 
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CHAPTER  XXVI. 

ISLANDS  ON  THE  EASTERN  COAST  OF  AFRICA. 

Madagascar. — Mauritius — basaltic  rocks — recent  lava- currents. — Isle  of 
Bourbon — extinct  volcano  of  Gros  Mome — active  volcano — filamentous 
pumice. — Volcanic  rocks  to  the  South  of  Africa. — Crozet  Islands. — 
Kerguelen's  Land. — Islands  of  St.  Peter  and  St.  Paul. 

In  the  preceding  chapter  I  laid  before  you  an  account  of  the 
volcanic  phsenomena  that  occur  in  that  vast  tract  of  ocean 
bounded  by  the  western  coasts  of  America,  by  the  eastern 
coasts  of  Asia,  and  by  the  continent  of  New  Holland,  t 
shall  next  proceed  to  state  what  volcanos  have  been  recog- 
nized in  the  islands  that  exist  between  New  Holland  and  the 
eastern  coast  of  Africa. 

The  principal  of  these  are,  the  great  Island  of  Madagascar, 
the  Isle  of  Bourbon,  and  the  Mauritius,  the  first  of  which  has 
been  too  little  explored  to  allow  of  my  announcing  with  cer- 
tainty anything  respecting  its  physical  structure  *,  but  of 
the  two  others,  we  are  indebted  to  Bory  St.  Vincent  for  a 
geological  sketch,  and  some  particulars  respecting  the  Mauri- 
tius have  been  more  recently  contributed  by  Mr.  Darwin. 

The  Mauritius  is  of  an  oval  shape,  about  eleven  leagues  in 
ts  greatest  length,  and  eight  in  its  greatest  breadth ;  it  rises 
on  all  sides  from  the  circumference  to  the  centre,  so  as  to 
form  a  conical  mountain,  called  Le  Piton. 

The  other  mountains,  of  which  the  most  elevated  is  Peter 
Botte,  constitute  a  chain  extending  across  the  island,  and  all 
consist  of  volcanic  matter,  namely  either  of  basalt  or  of  lava f. 

*  Madagascar  is  stated  by  Daubuisson  to  contain  volcanos,  on  the  autho- 
rity of  Ebel  (Bau  der  Erde^tom.  ii.  p.  289)>  who  reports,  that  in  this  island 
there  is  a  volcano  ejecting  a  stream  of  water  to  a  sufficient  height  to  be 
visible  twenty  leagues  out  at  sea.  Sir  Roderic  Murchison,  Dec.  1827,  ex- 
hibited at  the  Geological  Society  some  specimens  of  a  volcanic  nature  said 
to  have  come  from  this  island,  but  the  locality  was  not  mentioned. 

t  Peter  Botte  was  considered  inaccessible  till  the  7th  of  September  1832, 
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The  basalt  is  sometimes  prismatic,  and  intersected  by  d^kea. 
It  constitutes  the  skeleton,  as  it  were,  of  the  iatand,  and  rises 
to  the  height  of  between  2000  and  3000  feet  in  the  moun- 
tains near  Port  Louis.  The  general  inclination  of  the  beds 
is  towards  the  sea. 

The  lavas,  on  the  contrary,  seem  to  have  flowed  into  the 
valleys  between  these  rugged  basaltic  mountains,  forming  a 
plain,  raised  probably  about  1000  feet  above  the  sea. 

From  the  representation  given  by  M.  Bailly,  as  quoted 
with  apparent  approbation  by  Darwin,  it  would  seem  that 
the  basaltic  mountains  form  a  series  of  ramparts  extending, 
with  some  interruptions,  all  round  the  coast,  with  their  strata 
inclined  towards  the  sea,  and  their  escarpments  facing  on  all 
sides  the  centre  of  the  island. 

Within  this  ring  of  basaltic  matter  occur  those  streams  of 
lava  which  have  overspread  so  much  of  the  interior,  so  that 
M.  Bailly  boldly  supposes,  that  the  hollow  was  formed  by  the 
sinking  in  of  the  whole  upper  part  of  one  great  volcano. 

The  low  region  to  the  north,  and  the  isolated  rocks  off  the 
coast,  consist  of  a  coralline  limestone,  produced  at  a  very 
recent  epoch.  It  would  seem  to  have  been  but  lately  covered 
by  the  sea,  which  consequently  reached  the  base  of  the  ba- 
saltic mountains  rising  up  from  it.  Several  authors  indeed 
have  described  masses  of  upraised  coral-rock  extending  round 
the  greater  part  of  the  cii-cuniferencc  of  the  island. 

The  island  of  Bourbon,  like  the  Mauritius,  slopes  on  all 
sides  upwards  towards  its  centre. 

It  may  be  viewed  as  consisting  of  two  volcanic  mountains 
of  different  dates;  the  south-eastern,  which  is  the  smallest, 
still  in  a  state  of  activity;  the  north-western,  extinct;  the 
point  of  contact  between  the  two  coinciding  with  a  line  drawn 
from  N.E.  to  S.W.,  along  which  tlic  conntrj'  is  of  inferior 
elevation. 

The  mountain  of  Gros  Morne  is  the  most  elevated  and 
centrical  point  of  the  extinct  volcano,  and  is  estimated  by 
Bory  St,  Vincent  at  1500  toises.  It  consists  of  steep  ridges, 
either  of  compact  basalt  often  columnar,  or  of  porous  lavas 
when  Lieut.  Taylor,  R.A.,  succeeded,  by  means  of  a  lailiJer  ami  ropes,  in 
scaling  ils  precipitous  sides.     (Journ.  of  the  Gcogr.  Soc.  vol.  iii.) 
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and  scoriae.  Its  escarpments  exhibit  a  number  of  basaltic 
dykes^  which,  it  is  to  be  remarked,  are  never  observed  in  the 
one  now  in  activity.  Some  of  these  dykes  seem  no  larger  than 
cords,  whilst  others  are  of  the  same  thickness  as  the  beds 
which  they  traverse.  They  penetrate  indiscriminately  all  the 
rocks^  sometimes  in  a  direction  perpendicular  to  their  planes, 
at  others  in  one  more  or  less  oblique.  They  also  intersect 
each  other  in  the  figure  of  the  letter  X.  They  are  usually 
divided  into  prisms,  which,  whatever  may  be  the  inclination 
of  the  dyke,  range  at  right  angles  to  it.  Being  more  compact 
than  the  lavas  they  penetrate,  they  frequently  stand  out  in 
bold  relief. 

It  is  worth  observing,  that  earthquakes  are  only  expe- 
rienced in  that  part  of  the  island  which  is  farthest  from  the 
site  of  the  active  volcano,  and  even  there  but  rarely. 

The  active  volcano,  situated  in  the  south-eastern  extremity 
of  the  island,  is  one  of  the  most  considerable  yet  observed. 
Its  height,  as  estimated  by  M.  Berth,  is  7^07  French  feet. 
It  is  surrounded  by  a  number  of  cones  with  craters,  from 
which  lavas  and  elastic  vapours  have  from  time  to  time  pro- 
ceeded ;  but  on  its  summit  are  two  craters,  called  by  Bory 
the  Crater  Dolomieu  and  the  Crater  Bory,  both  active  vents 
at  the  time  of  his  visit. 

Betwixt  them  is  a  conical  protuberance  of  lava,  called  by 
Bory  the  Mamelon  Central,  160  feet  in  height,  with  a  hollow 
in  its  centre  eighty  feet  deep.  It  seems  composed  of  a  num- 
ber of  little  streams  of  lava,  which  were  poured  successively 
from  the  aperture  in  the  centre.  From  1783  till  1801,  it  has 
been  stated,  that  each  year  at  least  two  streams  of  lava  have 
issued  from  the  flanks  of  this  volcano*,  and  eight  of  them 
have  extended  to  the  sea-coast. 

The  lavas  appear  to  contain  much  glassy  felspar,  so  that 
they  are  probably  trachytic ;  and  although  pumice  of  the 
ordinary  kind  is  not  mentioned,  yet  obsidian  has  been  found, 
as  well  as  a  very  curious  substance  like  spun  glass,  which  may 
be  regarded  as  intermediate  between  pumice  and  obsidian,  since 
it  partakes  of  the  filamentous  character  of  the  one,  and  the 
vitreous  texture  of  the  other. 

Bory  St.  Vincent  describes  the  quantity  of  these  films  as 

•  Borv,  vol.  ii.  p.  320. 
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being  on  one  occasion  sufficient  to  form  a  cloud,  covering  the 
entire  summit  of  the  volcano.  Scarcely  had  he  observed  it, 
when  the  whole  party  found  themselves  covered  with  small 
shining  and  capillary  flakes,  possessing  the  flexibiUty  and 
appearance  of  silk,  or  of  a  spider's  web.  This  substance  was 
accompanied  with  showers  of  light,  vitreous,  spongy  acorise, 
in  fragments  varying  from  the  size  of  a  cherry  to  that  of  an 
apple.  It  fell  into  powder  on  the  application  of  the  slightest 
force. 

The  threads,  of  which  we  have  just  been  speaking,  ap- 
peared to  him  nothing  but  a  modification  of  the  scoriform 
lava  peculiar  to  the  Isle  of  Bourbon.  He  supposes  they  may 
have  been  formed,  owing  to  the  extrication  of  elastic  matter 
from  this  substance,  whilst  in  a  state  of  partial  fusion,  on 
the  same  principle  that  threads  are  formed  in  sealing-wax, 
when  the  stick  is  suddenly  withdrawn  from  the  surface  of  a 
portion,  dropped  upon  paper,  and  not  completely  cooled. 
He  was  confirmed  in  this  opinion  by  observing,  attached  to 
these  threads,  little  pear-shaped  globules,  which  were  found 
on  examination  to  be  identical  with  the  vitreous  scoria:  before 
alluded  to*. 

In  the  same  longitude  nearly  as  the  Isle  of  Bourbon,  but 
twenty-seven  degrees  nearer  to  the  south  pole,  are  the  Crozet 
Islamist!  all  of  which  are  volcanic.  The  mountains  rise  in 
peaks  and  cones  to  an  elevation  of  1000  to  5000  feet,  and 
are  of  the  wildest  and  most  rocky  aspect. 

Kerguelen's  Land,  near  it,  is  stated  also  to  be  volcanic, 
though,  like  the  Faroe  Islands,  it  contains  scams  of  coal  im- 
bedded ;  and  the  islands  of  St.  Peter  and  St.  Paul  both  con- 
tain craters,  of  which  the  latter  is  said  by  the  compiler  of  the 
voyage  of  the  Entrccasteaux  to  have  exhibited  signs  of 
activity,  when  the  vessel  passed  itj. 

•  Similnr  products  have  been  noticcil  os 
Guad.iloupc,  and  by  Mr.  Kllia  in  Owhybee. 
wicb  Islands:   London,  1820, 

\  Hooker's  ■  Botany  of  the  Anlorctic  Voyage,'  Iiitroduclioii. 

;  See  MalteBrun,  vul.  iv,  p.  455,  wbo  slates  thai  tbi'  island  of  St.  Paul 
lias  been  confounded  by  some  writers  with  that  uf  Anisteidam. 
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CHAPTER  XXVII. 

AFRICAN  CONTINENT. 

Volcanic  appearances  in  Kordoufan — Fezzan  and  Tripoli — Algeria — Mount 

Atlas — Western  coast. 

Before  proceeding  to  the  islands  in  the  Atlantic  Ocean*that 
lie  on  the  western  side  of  Africa,  it  will  be  well  to  point  out 
what  traces  of  igneous  action  have  been  discovered,  either  in 
that  great  continent  itself,  or  in  those  small  islands  which 
may  be  regarded  as  its  immediate  dependencies. 

It  would  seem  that  in  the  province  of  Kordoufan,  in  Nubia, 
a  chain  of  extinct  or  half-extinct  volcanos  occurs  in  lat.  14^. 
Riippell,  on  whose  authority  the  whole  depends,  does  not  ap- 
pear to  have  visited  them  personally.  The  account  he  gives 
of  them  in  his  *  Travels  in  Nubia*  is  as  follows : — 

To  the  south  and  south-west  of  Obeid,  about  fifteen  leagues 
distant  from  that  town,  commences  a  chain  of  hills  which 
seems  to  be  of  volcanic  formation.  From  the  information 
received,  it  would  seem  that  the  rock  is  very  different  from 
that  of  the  northern  hills ;  it  is  partly  like  glass,  and  quite 
black,  being  probably  obsidian,  partly  brittle  and  full  of  round 
holes.  A  thermal  spring  is  found  there:  from  a  mountain 
which  is  without  vegetation,  sulphureous  vapours  arise. 

Riippell  was  even  shown  sulphur  in  small  stalactitic  con- 
cretions apparently  formed  by  vapours  that  had  been  sublimed. 
It  is  not  unusual  for  noises  to  be  heard  proceeding  from  the 
interior  of  the  mountain,  and  for  earthquakes  to  be  expe- 
rienced. 

These  facts  seem  to  show  the  existence  of  an  active  or  semi- 
active  volcano,  but  the  communication  with  the  country  being 
inteiTupted,  Riippell  was  unable  to  satisfy  himself  on  the 
point. 

M.  Jomard  also,  who  accompanied  Buonaparte  in  his  in- 
vasion of  Egypt,  states,  that  in  the  centre  of  that  country. 
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between  the  Nile  and  the  Red  Sea,  in  the  midst  of  the  ala- 
baster qimrries,  there  exists  a  mountaiD  called  Djebel  Dokhan, 
which  means  the  Mountain  of  Smoke.  The  Arabs  speak  of 
the  petroleum  observed  to  (low  some  distance  off.  Djebel 
Kebryt,  or  the  Sulphur  Mouatain,  lies  niore  to  the  south,  in 
the  24th  degree  of  latitude,  and  on  the  borders  of  the  sea. 
According  to  the  reports  of  the  Arabs,  Djebel  Dokhan  smokes 
continually. 

It  is  probable  that  Riippell  and  Jomard  may  both  refer  to 
tl)e  same  chain  of  mountains,  and  as  their  distance  from  the 
sea  is  very  great,  it  would  be  of  great  importance  to  the  theory 
of  volcanos  to  ascertain  whether  or  no  they  really  contain  an 
active  vent. 

It  must  however  be  remarked,  not  only  that  neither  reporter 
has  visited  the  spot  to  which  lie  refers,  but  that  it  is  not  stated 
even  on  the  authority  of  the  Arab  informants,  that  lava  had 
been  ejected  from  any  of  the  mountains  specified. 

In  Abyssinia  also  it  is  stated,  on  the  authority  of  certain 
recent  French  travellers*,  that  volcanic  products  are  to  be  seen 
in  the  islands  near  the  coast,  and  on  the  shores  themselves. 
These  authors  consider  it  probable  that  there  were  volcanos 
there  antecedently  to  the  period  at  which  the  Ptolemies 
founded  settlements  on  the  coasts ;  but  it  is  not  certain  that 
any  now  exist  in  Abyssinia,  the  springs  of  hot  water  they 
observed  upon  the  shore  not  deciding  the  question,  although 
some  of  them  reach  04°  or  65°  Cent,  and  even  exceed  that 
temperature. 

Many  travellers,  it  is  true,  affirm  that  they  ha^■e  seen  vol- 
canos on  the  coasts  of  Choa.  M.  Rochet  in  particular  has 
mentioned  the  volcano  of  Dofano  (a  mountain  situate  in  the 
vicinity  of  Angobar),  and  has  figured  it  as  being  in  a  state  of 
activity;  but  MM.  Galinicr  and  Ferret  are  of  opinion  that 
M.  Rochet  may  have  mistaken  fumaroles  for  volcanic  erup- 
tions, seeing  that  the  Abyssinians  appear  to  have  no  notion 
of  volcanos. 

On  the  northern  coast  of  Africa  I  know  of  no  active  volcano, 

•  MM.  Galinier  and  Fenct.  I'Inslitut,  No.  547.  p.  210. 
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nor  have  even  any  rocks  of  an  igneous  character  been  pointed 
out  to  us,  excepting  some  in  Fezzan  and  TripoU^  where  Captain 
Lyon  speaks  of  a  formation  of  that  kind  associated  with  cal- 
careous beds;  which^  according  to  Dr.  Buckland,  belong  to 
the  tertiary  series ;  in  the  Nubian  desert^  sixty-nine  miles  from 
Syene,  and  in  the  desert  between  Cairo  and  Suez,  where  Lieut. 
Newbold*  however  considers,  that  what  intrusive  rocks  occur 
are  of  submarine  origin  and  of  great  antiquity ;  and  in  Algeria, 
where  the  remarkable  hot  springs  of  Hammam-Mascoutin, 
three-quarters  of  a  league  above  M^jiz-Amar  in  the  province 
of  Constantine,  bespeak  the  presence  of  volcanic  action.  The 
temperature  of  the  highest  of  these  is  ^&^  Reaumur;  they 
smell  of  sulphur,  and  deposit  carbonate  of  lime,  which  forms 
little  conicsd  hillocks  round  the  spring,  from  twenty-five  to 
thirty  feet  in  height,  presenting  a  remarkable  appearance. 

In  the  chain  of  Mount  Atlas  there  are  some  mountains 
called  Black  Harutsch,  which  are  conjectured  to  be  of  an 
igneous  character. 

Humboldt  describes  the  group  as  consisting  of  basaltic 
rocks  of  a  grotesque  form.  It  was  (he  says)  the  Mons  Ater 
of  Pliny,  and  on  its  western  range,  where  it  is  called  the 
Mountains  of  Soudan,  it  has  been  explored  by  Ritchie. 
These  erupted  masses  of  basalt  in  a  tertiary  limestone — this 
range  of  hills  elevated  like  walls  upon  the  beds  they  cover- 
bring  to  one's  recollection,  he  says,  the  basaltic  eruptions 
of  the  Vicentin.  Homemann  moreover  found,  in  the  most 
recent  calcareous  formations  of  the  Harutsch  group,  petrified 
fish  as  at  Monte  Bolca.  Ritchie  and  Lyon  have  observed 
that  the  basalt  in  these  mountains  is  intimately  mixed  with 
carbonate  of  lime,  as  in  the  Monte  Berici,  and  the  latter  notes 
the  occurrence  of  dolomite. 

Now  it  is  rather  confirmatory  of  the  volcanic  nature  of  this 
or  of  some  other  chain  connected  with  the  Mount  Atlas,  that 
the  Greeks  regarded  the  whole  of  the  coast  of  Africa  beyond 
the  Pillars  of  Hercules  as  thrown  into  disorder  by  the  fire  of 
volcanos,  and  that  Solinus  expressly  speaks  of  the  snowy 
summit  of  Mount  Atlas  as  glittering  with  nightly  flames ;  from 

*  See  Proc.  Geol.  Soc.  vol.  iii. 
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whence  we  might  be  led  to  infer,  either  that  the  mouDtuln  so 
called  waa  situated  in  one  of  the  islands  of  the  Hesperidea, 
being  probably  identical  with  the  Peak  of  Teneriffe,  or  that 
sume  volcanic  appearances  exist  in  the  chain  which  the 
moderns  designate  as  Mount  Atlas. 

In  the  account  of  the  Peiiplua  of  Hanno,  as  well  as  in  that 
of  Eudoxus,  as  quoted  by  Mela  (which  is  considered  a  fabri- 
cation and  a  direct  copy  of  the  Ibrmer),  we  read,  that  as  these 
navigators  were  coasting  in  the  above  direction  along  this 
part  of  Africa,  torrents  of  light  were  seen  to  fall  on  the  sea; 
that  every  night  the  shore  was  covered  with  fires ;  that  the 
Great  Mountain,  called  the  Car  of  the  Gods  {deiov  o^n/^i 
had  H]>peared  to  throw  up  sheets  of  fire  that  rose  even  to  the 
clouds ;  and  that  the  sand  on  the  shore  was  intolerably  hot. 

Now  the  mountain  that  went  by  this  name  is  placed  by 
Polybius  south  of  the  town  of  Lixus,  a  Carthaginian  colony 
tliat  lay  beyond  the  Pillars  of  Hercules,  and  in  the  midst  of 
the  chain  of  Mount  Atlas.  Nor  is  it  probable  that  this 
ancient  navigator  should  have  deiiated  so  far  from  the  coast, 
as  would  have  been  necessary,  in  order  to  enable  liim  to  catch 
a  glimpse  of  the  volcanic  fires  of  Teneriffe, 

It  is  remarkable  indeed  that  the  ancients,  although  they 
have  described  the  Canaries  under  the  names  of  Canaria?, 
Purpurarise*,  and  Fortunate  Islands,  seem  to  have  taken  no 
notice  of  the  volcanos  tliat  occur  there.  Even  the  Peak  of 
Teneriffe  is  only  alluded  to  in  the  mention  of  the  perpetual 
snow  found  upon  it,  from  whence  the  island  obtained  the 
name  of  Nivaria. 

It  is  therefore  most  probable  that  the  description  of  Hanno 
refers  to  the  continent  of  Africa,  and  not  to  its  islands ;  but 
before  we  decide  that  anything  of  a  volcanic  nature  is  hinted 
at,  we  ought  to  recollect  that  the  custom  t  which  exists  there, 
as  in  many  other  hot  countries,  of  setting  fire  at  certain  sea- 
sons to  the  forests  and  dry  grass,  might  have  ^ven  rise  to  the 
statements  of  the  Carthaginian  navigator.     Even  in  our  own 

*  Bory  St.  Vincent  thiake  that  by  the  Pjrpurariw,  Madeira  and  Poito 
Santo  were  intended. 

t  Tliis  is  the  opinion  of  ihe  Abb^  GossdIId  in  his  '  Geographic  dm 
Ancicns.* 
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times  the  island  of  Amsterdam  was  set  down  as  volcanic  from 
the  very  same  mistake. 

« 

M.  Douville,  in  his  journey  into  the  interior  of  Africa^  dis- 
covered some  traces  of  volcanos  behind  the  Portuguese  settle- 
ments on  the  Congo  or  Zair^  river.  The  provinces  of  Am- 
bacca  and  Pongo  Andouja  he  describes  as  extraordinarily  rent 
by  volcanic  action  now  extinguished. 

Between  3^  and  5^  of  south  latitude,  and  29"^  and  30^  east 
longitude,  he  also  observed  a  great  lake  (perhaps  the  Lake 
Maravi  of  our  maps)  in  all  respects  resembling  the  Lake 
Asphaltites  in  its  properties,  and  surrounded  by  mountains 
of  a  dark- coloured  and  foetid  kind  of  stone. 

Further  to  the  south,  northwards  of  Sierra  Leone,  the  Isles 
de  Los*  are  of  volcanic  origin,  being  formed  of  hard,  blue  and 
iron-coloured  lava,  with  occasional  masses  of  porphyritic 
hornstone.  Many  other  parts  of  this  coast,  according  to  Cap- 
tain Belcher,  exhibit  traces  of  igneous  action,  but  from  the 
account  given,  we  should  be  led  to  expect  that  the  rocks  were 
chi.fl/  of  a  basaltic  character. 

The  islands  of  Amboises  near  Fernando  Po  are  also  stated 
by  Captain  Allen  f  to  be  volcanic,  and  Fernando  Po  itself 
seems  to  be  similarly  constituted. 

*  Captain  Belcher  in  the  Journal  of  the  Geographical  Society,  vol.  ii. 
t  Journal  of  the  Geographical  Society,  vol.  xiii.   Captain  Allen  supposes 
this  to  be  the  Car  of  the  Gods  mentioned  by  Hanno. 
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ISLANDS  LYING  TO  THE  WEST  OF  AFRICA, 

Canaries.— TencriSe,  its  basaltic  rocks,  trachytes,  lavas. — Palina,  its  Cal- 
dera. —  Groat  CaQary  —  Fortnventurft — ^Lancerole  —  Madeira —  Porto 
Santo. — Azores  — St.  Michael — Terceira — Floree — Gracioaa  — Atlantis 
of  the  ancients, — Cape  Verde  Utanda — Fuego — St.  Jago. — lalaods  south 
of  the  Equator — Ascension — St.  Helena — Fernando  Narooha — Tristan 
d'Acunba, 

Toe  volcanos  occurring  in  those  groups  of  islands  which  lie 
at  a  certain  distance  from  the  western  coast  of  Africa,  in  the 
midst  of  the  Atlantic  Ocean,  deserve  a  separate  consideration. 
Here  at  least  the  most  unequivocal  proofs  of  existing  igneous 
Operations  manifest  themseh-es,  although  feeble,  as  compared 
to  those,  which  their  geological  structure  shows  to  have  been 
carried  on  there  in  antecedent  periods. 

The  whole  group  of  the  Canaries,  for  example,  seems  to  be 
placed,  as  it  were,  within  the  sphere  of  the  same  submarine 
volcano;  for  although  vestiges  of  otluT  rocks  are  to  be  met 
with,  as  granite  and  mica-slate  in  Gomera,  and  limestone  in 
the  Great  Canary,  Fortaventura  and  Lancerote,  yet  none  of 
these  islands  are  exempt  from  occasional  manifestations  of  the 
same  igneous  action. 

The  most  remarkable  pharnomena  arising  from  the  above 
cause  occur  in  the  island  of  Teneriffe,  where  the  lofty  peak  of 
Teyde,  though  tranquil  at  present  on  its  summit,  still  exhibits 
on  its  flanks  occasional  evidences  of  the  same  volcanic  action, 
from  which  the  rocks  composing  its  colossal  structure  seem 
wholly  to  be  derived. 

In  considering  this  island,  we  must  in  the  first  place  distin- 
guish between  the  productions  of  the  actual  volcano  and  the 
range  of  basaltic  rocks  surrounding  it.  The  latter  do  not 
rise  to  a  height  of  more  than  500  or  600  toises,  whilst  the 
elevation  of  the  peak  itself  is,  according  to  Humboldt,  1909 
toises  *. 

■  That  1=  (.reckoning  the  loise  at  '■  feel  4  inches  English)  la.OjMl  leet. 
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It  is  through  the  midst  of  this  basaltic  formation  that  the 
rocks  constituting  the  principal  mass  of  this  volcano  have 
been  protruded,  and  hence  we  may  characterize  the  two 
classes  under  the  name  of  ancient  and  modern  lavas,  just  as 
has  been  done  in  the  case  of  those  which  are  found  at  the 
foot,  and  which  compose  the  mass  of  Mount  Etna. 

The  modem  lavas  however  of  the  peak  admit  likewise  of  a 
twofold  division,  first,  into  those  composing  the  nucleus  of 
the  mountain,  which  are  of  a  trachytic  character,  and  appear 
to  have  been  forced  up  through  the  midst  of  the  older  basalts ; 
and  secondly,  into  the  products  of  the  volcanic  action  to  which 
this  central  mass  furnished  an  appropriate  vent. 

The  latter  are  very  various  in  their  nature  and  characters : 
we  may  distinguish,  first,  the  lavas,  which  have  sometimes  a 
stony,  and  sometimes  a  vitreous  aspect;  and  secondly,  the 
loose  ejected  masses,  such  as  pumice,  obsidian  and  lapilli. 

Of  the  lavas,  such  as  have  a  stony  aspect  appear  to  be  con- 
fined to  a  comparatively  low  elevation,  and  to  have  proceeded 
exclusively  from  the  flanks  of  the  volcano,  whilst  the  vitreous 
are  found  only  near  the  summit,  the  lowest  point  at  which 
they  occur  being  8900  feet  above  the  level  of  the  sea. 

The  source  of  the  latter  description  of  lavas  appears  to  have 
been  the  adjoining  mountain  Chahorra,  which  holds  the  same 
relation  to  the  peak,  that  the  Monte  Rossi  do  to  Mount  Etna, 
being  a  sort  of  appendage  to  the  principal  volcano,  and  pro- 
duced by  one  of  its  lateral  eruptions. 

Humboldt  nevertheless  mentions  one  stream  of  vitreous 
lava  as  having  been  traced  to  the  very  summit  of  the  peak, 
where  there  exists  a  circular  cavity,  which  must  be  considered 
at  present  in  the  light  of  a  solfatara  rather  than  of  a  crater, 
as  it  is  never  known  to  emit  flames,  though  sulphureous 
vapours  constantly  arise  from  it.  It  would  appear,  however, 
that  it  has  in  former  times  given  vent,  not  only  to  the  stream 
of  lava  above  noticed,  but  likewise  to  showers  of  pumice  and 
obsidian,  loose  masses  of  which  strew  all  the  upper  part  of  the 
mountain. 

The  latter  description  of  ejected  masses  does  not  appear  to 
extend  to  the  lower  parts  of  the  mountain,  the  surface  there 
being  mostly  covered  by  lapiUi,  consisting  of  black  lava,  pos- 
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;  more  of  a  stony  sepect.  Dot  mixed  with  either  o 
or  pumice. 

This  latter  distributioD,  says  HumboMt,  seems  to  cocflnn 
the  observation  made  n  long  time  ago  at  Vesuvius,  that  tlic 
white  ashes  are  thrown  out  last,  and  indicate  that  the  erup- 
tion is  at  an  end.  In  [iroportion  as  the  elasticity  of  tbe 
vapours  diminishes,  the  matter  ia  thrown  to  a  less  distance ; 
and  the  black  lapillt,  which  issue  the  first,  when  the  lava  has 
ceased  flowing,  must  necessarily  reach  farther  than  the  white 
lapilli.  The  last  appeiu-  to  have  uudei^ne  the  action  of  a 
more  intense  fire. 

The  size  of  the  crater  that  exists  in  the  summit  of  the  jieak 
is  diminutive  compared  with  that  of  Etna  or  of  VesuWus, 
being  only  300  feet  iu  its  greatest,  and  200  in  its  lesser  dia- 
meter, whilst  its  depth  does  not  exceed  100  feet. 

Indeed  it  may  be  remarltecl  in  general,  although  the  rule  ia 
liable  to  exceptions,  that  the  dimensions  of  a  crater  are  in  an 
inverse  ratio  to  the  elevation  of  the  mountain  ;  for  in  proiwr- 
tion  to  the  height  which  the  ejected  masses  must  attain  before 
they  reach  the  oritice,  will  be  the  resistance  to  be  overcome  in 
forcing  a  passage  by  this  channel;  so  that  in  a  mountain  like 
the  Peak  of  Teneritie,  the  force  a])j>iied  will  in  most  instances 
be  iDstrumeatal  io  creatiog  apertures  in  tbe  flaaks  of  the 
mountain,  rather  than  in  enlarging  the  cavity  on  its  summit. 

The  existence  nevertheless  of  this  chimney  preserves  the 
island,  in  Von  Buch's  opinion,  from  those  destructive  eruptions 
which  convulse  some  of  those  adjoining  it,  since  clastic  va- 
pours, the  immediate  and  necessary  concomitants  of  volcanic 
action,  thus  find  a  readier  vent,  and  confine  their  violence  to 
the  immediate  precincts  of  the  volcano. 

We  must  not  however  go  so  far  as  to  suppose,  that  TenerifFe 
itself  is  altogether  exempted  from  those  con\'ulsions  of  nature 
which  are  so  common  in  the  neighbouring  islands. 

Its  lofty  peak,  although  it  may  act  as  a  safety-valve,  and 
moderate  tbe  violence  of  the  volcanic  action  by  determining 
it  to  a  point  at  which  it  can  obtain  a  vent,  proves  nevertheless 
from  this  very  circumstance  a  dangerous  neighbour  to  the 
towns  that  lie  nndernealh  it.  In  tbe  years  1^01  and  170«, 
lateral  eruptions  took  jilace  from  tlic  Peak,  tlic  latter  of  which 
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destroyed  the  port  of  Garachico,  the  finest  and  most  frequented 
harbour  in  the  island.  In  171^8  too^  the  mountain  Chahorra 
threw  out  lavas  and  scoriae  for  the  space  of  more  than  three 
months,  and  the  violence  of  the  eruption  may  be  judged  of 
by  the  fact  mentioned  by  Humboldt  on  the  authority  of  an 
eye-witness,  namely  that  considerable  fragments  of  stones 
were  thrown  to  such  a  height^  that  from  twelve  to  fifteen 
seconds  were  reckoned  during  their  descent.  This  curious 
observation  proves  that  the  rocks  projected  from  this  crater 
rose  to  a  height  of  3000  feet  and  upwards. 

Before  I  conclude  the  subject  we  are  upon,  I  may  remark, 
how  strikingly  the  difference  between  the  volcanic  products 
of  TenerifFe  illustrates  the  manner  in  which  the  effects  of  heat 
are  modified  in  such  cases  by  the  influence  of  pressure. 

At  the  bottom  of  the  mountain  are  the  basaltic  lavas  or 
tuffs,  which  being  produced  probably  under  the  ocean,  and 
at  a  very  remote  period,  are  compact  and  possess  a  stony 
fracture.  Through  these  have  been  protruded  the  trachytes 
of  the  peak,  which,  having  had  the  resistance  of  so  large  a 
body  of  rock  to  overcome,  also  possess  a  considerable  degree 
of  compactness. 

This  conical  and  upheaved  mass^  having  become  the  centre 
of  the  volcanic  operations  subsequently  carried  on,  is  sur- 
rounded by  products  of  later  formation,  some  of  which  were 
ejected  from  the  summit,  at  a  time  when  a  free  channel  of 
communication  existed  between  it  and  the  interior  of  the 
volcano ;  others  from  the  flanks  at  a  later  period,  when  the 
aperture  had  become  obstructed  by  the  falling  in  of  its  sides, 
or  the  accumulation  of  ejected  substances.  It  is  clear  that 
in  either  of  these  cases,  the  pressure  exerted  upon  the  sub- 
stance whilst  in  a  melted  state  was  less  considerable  than  that 
which  prevailed  during  the  formation  of  the  submarine  lavas, 
or  even  of  the  trachyte,  and  hence  it  is  found  to  possess  more 
of  a  vitreous  aspect,  and  to  be  more  completely  penetrated 
with  cells*. 

The  remainder  of  this  group,  as  described  by  Von  Buchf, 

*  The  pumice  never  covers  any  of  the  currents  of  lava, — a  proof  of  its 
greater  antiquity.     See  Von  Buch,  in  Leonh.  Min.  Tasch.  part  iv.  1823. 
t  See  the  Transactions  of  the  Royal  Academy  of  Berlin  for  the  valuable 
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appears  to  consist  of  submiiriae  lavas,  similar  to  thoae 
I  have  described  as  forming  the  basis  of  the  island  of  Tene- 
riffe.  The  strata  of  which  they  are  constituted  lie  in  such  a 
position,  that  they  would  seem  to  have  been  elevated  irom 
the  bottom  of  the  ocean  by  the  force  of  elastic  vapours ;  for 
they  dip  away  in  all  directions  from  some  centnil  point, 
where  a  crater  still  exists  to  attest  the  former  agency  of 
aeriform  fluids. 

This  peculiar  structure  is  best  illustrated  in  the  island  of 
Palma,  where  one  of  those  deep  valleys  chilled  Barancoa  ex- 
poses an  excellent  section  of  the  alternating  beds.  Amongst 
them  Von  Buch  distinguished  one  of  basalt  containing  augite 
and  olivine,  covered  by  a  stratum  of  rolled  masses  chiefly  of 
the  same  material,  ttepeated  alternations  occurred  to  him 
as  he  proceeded,  between  beds  of  this  conglomerate  and  con- 
tinuous strata  of  compact  or  amygdaloidal  basalt,  and  below 
them  all  was  a  single  bed  of  trachyte,  the  only  rock  of  a 
clearly  felspathic  nature  that  is  found.  Its  basis  is  of  a 
dark  grey  colour,  and  is  made  up  of  an  infinite  number  of 
very  small  tessular  concretions,  arising  from  the  separation 
effected  in  the  mass  of  the  stone  by  a  multitude  of  minute 
drusy  cavities  distributed  everywhere  over.  These  hollows 
are  in  general  only  partially  filled,  but  contain  chabasite, 
analcime  and  other  crystals.  Glassy  felspar  is  met  with  in 
the  rock  in  long  narrow  crystals,  which  gcncrnlly  run  in 
parallel  lines,  unless  when  the  drusy  cavities  before  mentioned 
interfere  with  their  direction. 

These  beds  are  all  intersected  by  dykes  of  granular  basalt, 
which  become  more  and  more  abundant  as  we  proceed  along 
the  valley,  until  at  length  the  lofty  wall  of  rock  which  bounds 
it  is  covered  with  a  network  of  them. 

They  all  alike  rise  towards  the  crater,  or,  as  it  is  called  by 
the  people,  the  Great  Caldera,  a  circular  ojiening  in  the 
centre  of  the  island,  which  is  stated  by  Von  Buch  to  ex- 
ceed 5000  feet  in  depth,  whilst  its  diameter  probably  is 
in  most  parts  as  much  as  two  leagues,  so  that  it  embraces  an 
area,  such  perhaps  as  exists  in  no  other  volcano  of  the  globe, 
conjoined  with  so  great  a  depth.  From  its  brim  we  are  en- 
memoirs  of  Von  Buch — on  Craters  of  Elevation  anJ  on  the  Island  of  Lan- 
cerole,  1818-19,  now  embodied  in  his  Description  of  the  Canary  Islacda, 
so  often  referred  to. 


rhich  1 

rene- 
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abled  to  look  down  upon  the  abyss,  and  observe  underneath 
us  the  terminations  of  the  strata^  which  we  have  successively 
passed  in  our  way  to  it.  Viewed  from  this  point  they  all 
appear  horizontal,  but  this,  as  I  observed  in  speaking  of  the 
Monte  Somma,  is  an  illusion,  and  arises  from  their  termina- 
tions only  being  visible,  and  from  their  ranging  at  an  equal 
elevation  in  every  part  of  the  circular  wall  which  bounds  the 
internal  cavity  of  the  crater. 

The  Caldera  of  the  isle  of  Palma,  says  Yon  Buch,  difiers 
much  from  the  crater  of  an  ordinary  volcano.  Here  are  no 
streams  of  lava,  no  slags,  no  lapilli  or  ashes.  Nor  do  we  ever 
find  the  latter  of  such  a  circumference,  or  so  profound  and 
abrupt.  Its  general  aspect  seems  to  show,  that  it  was  formed 
by  the  pressure  of  those  elastic  fluids  which  raised  the  whole 
island  above  the  level  of  the  ocean,  and  changed  the  strata 
composing  it  from  a  horizontal  to  their  present  highly  in- 
clined position.  The  aspect  of  the  barancos  is  such  as  favours 
this  hypothesis ;  these  valleys  are  too  narrow  and  abrupt  to 
be  attributed  to  diluvial  action,  and  are  so  devoid  of  water 
that  they  cannot  be  referred  to  torrents ;  but  if  we  suppose  a 
succession  of  solid  and  unelastic  strata  to  be  suddenly  lifted 
up  in  the  manner  of  those  in  the  island  of  Palma,  it  is  evident, 
that  not  merely  would  a  central  aperture  be  formed  where  the 
crater  now  exists,  but  that  the  strain  would  occasion  a  num- 
ber of  lateral  fissures  corresponding  with  those  called  in  the 
island  Barancos. 

The  deep  ravine  which  extends  from  the  crater  to  the  foot 
of  the  cone,  called  the  Baranco  de  las  Angustias,  is  not  pecu- 
liar to  the  island  of  Palma ;  only  that  in  those  cases  where  no 
more  than  the  upper  brim  of  the  crater  rises  above  the  level 
of  the  ocean,  as  more  commonly  happens,  the  sea- water  enters 
through  the  fissure,  and  converts  the  crater  into  a  circular  bay, 
just  as  is  shown  in  Barren  Island,  page  413.  In  Palma  this 
has  not  occurred,  because  the  bottom  of  the  Caldera  itself 
stands  above  the  surface  of  the  sea. 

The  structure  of  the  island  of  Great  Canary  is  very  similar 
to  that  of  Palma, — the  same  heaving  up  of  the  strata  round  a 
central  point,  the  same  deep  and  abrupt  barancos,  the  same 
description  of  crater  exhibiting  the  successive  outcrops  of  the 
adjoining  beds. 
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The  order  of  sujier  posit  ion  in  the  latter  is  such  as  to  illus- 
trate apparently  the  grnilalion  that  often  occurs  in  the  chn- 
racter  of  volcanic  products,  and  perhaps  the  manner  in  which 
they  have  been  derived  by  succeasive  changes  from  the  funda- 
mental granite.  Lowest  uf  all  Von  Buch  descried  the  primi- 
tive rocks ;  then  masses  of  trachyte ;  afterwards  an  aggregate 
consisting  of  angular  fragments  of  the  latter,  forming  either  a 
conglomerate  or  a  tuff,  which  alteraate  with  one  auother 
several  successive  times;  still  higher  a  rock,  composed  of 
augite  and  felspar  (dolerit*),  interstratified  with  lieds  of  rolled 
masses  of  the  same  composition,  but  of  a  cellular  structure  ; 
then  an  amygdaloid ;  and  last  of  all  basalt. 


Secliim  uf  Ihe  Craler  of  Etevalian  in  Iht  TsU  of  Great  Canarg. 


The  structure  of  Fortaventura  is  also  similar,  but  Lance- 
rote,  though  originally  raised  up  in  the  same  manner  as  the 
other  islands,  has  since  been  iiugmcnied  by  the  eruptions  of 
volcanic  matter  that  have  subsequently  taken  place  upon  ita 
surface.  Lancerote  is  distinguished  from  the  other  Canary 
Islands  by  its  comparative  flatness,  possessing  neither  those 
lofty  precipices  nor  those  abrupt  conical  hills  that  occur  in  the 
rest.  It  affords  indeed  an  example  of  an  island  exhibiting  in 
all  its  parts  the  most  decided  cvideuce  of  volcanic  action,  but 
yet  destitute  of  any  one  elevated  conical  mountain  with  a  crater 
to  which  these  effects  could  be  traced.  There  is  nevertheless 
in  one  corner  of  it  a  vestige  of  the  same  kind  of  crater  which 
1  have  just  been  noticing,  but  here,  owing  probably  to  a  part 
being  sunk  in  the  ocean,  the  strata  are  only  seen  rising  on  the 
side  which  faces  the  water. 

Von  Buch  has  p^'^n  "■  striking-  (iescriptiuii  of  the  iispeet  of  that 
portion  of  tiie  island  from  whence  proeeeduii  the  lava  nliich  in  the 
year  1730  caused  so  much  devastation. 

After  a  painful  walk,  he  says,  over  a  tract  of  liaisli,  un decomposed 
lava.  I  reached  at  length  an  eminence  composed  entirely  of  an  accu- 
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muladon  of  slag  and  lapilli,  which  were  heaped  in  successive  layers 
upon  each  other.  In  the  centre  was  a  crater  walled  in  by  precipi- 
tous rocks,  of  which  one  side  was  broken  away  by  a  lava  which  had 
proceeded  horn  its  interior.  Within  the  compass  of  this  hollow 
two  other  minor  craters  appear,  which  emitted  at  the  time  vo- 
lumes of  aqueous  vapour  mixed  with  sulphureous  exhalations. 
Hence  it  is  that  the  hill  has  obtained  the  name  of  Montagna  di 

-Fuego. 

It  is  impossible,  continues  Von  Buch,  to  describe  the  scene  of 

desolation  which  presents  itself  from  the  summit  of  this  crater.     A 

surface  of  more  than  three  square  miles  in  a  westerly  direction  is 

covered  with  black  lava,  in  the  whole  of  which  space  nothing  occurs 

to  break  the  uniformity  of  the  prospect,  but  occasional  small  cones 

of  basalt  scattered  over  the  plain. 

It  is  clear  that  this  vast  mass  of  lava  is  not  derived  from  any  one 
point,  even  the  Montagna  di  Fuego  appearing  to  have  contributed 
but  little  to  its  formation,  for  the  lava  actually  proceeding  from  the 
latter  is  found  to  take  an  easterly  instead  of  a  westerly  direction. 
During  my  ascent  I  felt  very  anxious  to  ascertain  what  the  other 
sources  might  be  which  assisted  in  emitting  so  vast  a  mass  of  lava. 
How  much  was  I  astomshed,  when  on  reaching  the  summit  I  per- 
ceived an  entire  series  of  cones,  all  nearly  as  lofty  as  the  Montagna 
di  Fuego,  placed  exactly  in  a  line,  the  nearest  covering  the  farther 
ones  in  such  a  manner  that  the  summits  of  the  latter  were  alone 
seen  peering  from  behind ! 

Between  the  western  coast  and  the  little  village  of  Florida  I  counted 
twelve  cones  of  larger  size,  of  which  the  Montagna  di  Fuego  was  the 
sixth  in  the  series,  besides  a  considerable  number  of  smaller  cones, 
partly  between  and  partly  on  the  side  of  the  larger  ones.  It  was  an 
•xact  repetition  of  the  phsenomena  of  Jorullo,  or  of  the  Puys  in 
Auvergne.  The  whole  of  this  eruption  proceeded  in  all  probability 
from  a  large  fissure,  the  existence  of  which  is  in  all  cases  found  to 
produce  effects  of  the  more  alarming  kind,  the  more  distant  it  is  from 
any  volcano,  the  latter  serving  as  a  sort  of  chimney  for  the  escape 
of  the  matter  within. 

On  my  road  to  Florida  I  visited  several  such  cones.  They  all 
alike  consist  of  heaps,  300  or  400  feet  in  height,  of  harsh,  porous, 
sharp  lapilli  of  the  size  of  a  bean,  which  cause  a  grating  sound  when 
they  roll  upon  each  other. 

lliese  craters  open  for  the  most  part  towards  the  interior  of  the 
island,  where  the  streams  of  lava  unite  to  form  one  vast  continuous 
bed,  which,  the  farther  we  trace  it  from  its  source,  is  found  to  be 
less  and  less  charged  with  olivine. 

2  o 
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The  larger  part  of  these  effects  is  to  be  attributed  to  the 
great  eruption,  or  ratber  series  of  eruptions,  which  took  place 
in  this  island  between  the  1st  of  September,  1730,  and  the 
16th  of  April,  1/36.  The  details  are  given  in  the  interesting 
memoir  by  Von  Buch  which  has  been  already  referred  to, 
but  it  fvould  be  inconsistent  with  my  plan  to  do  more  than 
particularize  some  of  the  leading  features. 

A  number  of  rents  took  place  successively  in  the  island, 
generally  occurring  in  the  same  du-ection*.  From  these 
issued  in  all  cases  flames  and  smoke,  and  in  the  majority 
loose  fragments  of  volcanic  matter  and  streams  of  melted 
lava.  The  former,  accumulating  round  the  apertures  from 
\vhich  they  were  tweeted,  often  formed  conical  hills  of  consi- 
derable height ;  the  latter,  taking  different  directions,  ravaged 
various  parts  of  the  island,  and  in  general  continued  to  flow 
on  until  stopped  by  the  sea.  In  one  case  the  lava  was  diverted 
from  its  original  direction  by  a  huge  rock  which  suddenly 
rose  in  the  midst  of  it,  but  of  which  no  vestiges  are  to  be 
seen  at  present.  Gaseous  exhalations  likewise  were  emitted, 
which  proved  fatal  to  the  cattle.  At  length  the  inhabitants, 
wearied  out  by  such  a  series  of  misfortunes,  seeing  the  most 
fertile  parts  of  their  country  successively  reduced  to  irre- 
trievable ruin,  and  despairing  that  the  eruptions  would  ever 
cease,  determined  on  leaving  their  homes,  and  took  refuge  in 
the  neighbouring  island  of  Great  Canary. 

One  of  the  most  curious  plijcnomena  attendant  on  this 
eruption,  though  one  not  altogether  peculiar  to  it,  was  the 
rise  of  flames  from  the  midst  of  the  sea.  The  nature  of  these 
is  worth  inquiring  into,  as  it  may  hereafter  assist  us  towards 
a  theory  of  volcanos. 

The  only  gas  at  present  known,  which  inflames  sponta- 
neously at  ordinary  temperatures  on  the  surface  of  water,  is 
phospliuretted  hydrogen,  and  this  can  hardly  be  suspected, 
as  the  product  of  its  combustion  is  phosphorous  acid,  a  sub- 
stance which  is  possessed  of  several  striking  properties,  and 
therefore  could  hardly  fail  to  be  detected  if  it  were  ever  pro- 
duced by  volcanic  action. 

•  The  reader  will  iramcJiBtely  be  led  to  consider  the  effect  itaelf  as  aoa- 
logoua  to  that  noticed  under  tlie  name  of  caveriioua  lava,  in  Sir  G.  Mac- 
kenzie'a  '  Dcscriutinn  uf  Jci^Iand.' 
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It  is  true  that  phosphoric  acid  exists  in  the  cavities  of  cer- 
tain volcanic  rocks,  as  in  those  of  Murcia  in  Spain,  combined 
with  lime  and  other  earths,  but  I  do  not  know  that  it  has 
ever  been  detected  in  a  free  or  uncombined  state  among  the 
products  of  any  active  volcano. 

Are  we  at  liberty  to  suppose  that  some  less  inflammable 
gas,  such  as  simple  hydrogen,  or  its  combinations  with  car- 
bon and  sulphur,  might,  during  their  rapid  ascent  through 
the  water,  retain  a  sufficiently  exalted  temperature  to  inflame 
spontaneously  on  coming  in  contact  with  the  air  ?  Or  may  we 
adopt  the  still  bolder  hypothesis  of  Von  Buch,  who  imagines 
some  of  the  metallic  bases  of  the  earths  or  alkalies  to  be 
ejected  and  to  become  kindled  on  coming  into  contact  with 
water?  The  phaenomenon  at  least  is  not  an  isolated  one,  for 
it  has  been  observed  in  the  Azores,  near  Iceland,  and  in  other 
localities. 

Since  the  eruption  of  1730-36,  the  island  of  Lancerote  en- 
joyed a  state  of  tranquillity  until  the  29th  of  August  1824, 
when  at  the  port  of  Rescif  and  its  environs  earthquakes  oc- 
curred, which  became  more  terrible  at  night.  They  increased 
in  violence  the  next  day,  and  on  the  31st,  at  seven  in  the 
evening,  a  volcano  broke  out  a  league  from  the  harbour  of 
Rescif,  and  half  a  league  from  the  mountain  called  Famia. 
It  vomited  from  its  crater  terrible  flames  which  lighted  up 
the  whole  island,  as  likewise  stones  of  an  enormous  size  red- 
dened by  the  fire,  the  latter  in  such  large  quantity,  that  in 
less  than  twenty- four  hours  they  formed  a  mountain  of  con- 
siderable size.  This  eruption  continued  till  ten  in  the  morn- 
ing of  the  1st  of  September,  when  the  volcano  seemed  to 
close,  only  leaving  fissures,  from  whence  escaped  a  thick  smoke 
covering  all  the  neighbourhood.  On  the  2nd  there  arose 
three  great  columns  of  smoke,  each  of  a  diflerent  colour,  one 
perfectly  white,  the  other  black,  the  third,  which  was  the 
farthest  ofl^,  red. 

This  volcano,  says  the  account,  still  burns  over  a  space  of 
half  a  league  in  length  and  a  quarter  in  breadth,  and  the 
mountain  newly  formed  appears  to  be  inaccessible,  and  does 
not  exhibit  lavas  in  any  direction. 

On  the  4th  a  large  column  of  smoke  rose  from  the  volcano, 
and  on  the  22nd  of  September  it  became  again  active,  and 
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poured  forth  a  quantity  of  water  bo  considerable  as  to  form  a 
large  stream,  which  diminished  on  the  23rd,  and  on  the  2Gth 
had  nearly  disappeared*. 

If  we  believe  Von  Buch,  the  island  of  Madeira  is  fomied 
after  the  same  manner  as  the  Canaries,  consisting  of  beds 
which  have  been  elevated  above  the  level  of  the  ocean  by 
clastic  fluids,  but  are  destitute  of  any  crater  from  whence 
smoke  and  lava  have  been  ejected. 

The  account  however  which  Mr.  Bowdich,  in  his  posthu- 
mous workt)  gave  of  the  physical  structure  of  the  island,  was 
ia  some  respects  somewhat  different.  Thnt  it  is  composed 
of  volcanic  matter  cannot  indeed  be  doubted,  for  it  appears 
by  his  account  that  the  rocks  of  the  island  principally  consist 
of  tuff,  Bcorife,  or  basalt.  The  former,  be  says,  sometimes 
contains  bands,  as  it  were,  of  pumice,  traversing  it  in  the 
direction  of  the  bed ;  it  is  sometimes  yellowish  and  sometimes 
red  ;  it  alternates  repeatedly  with  the  scoriffi,  which  again  are 
continuous  with  a  very  cellular  variety  of  the  basalt,  forming 
a  connected  bed  or  current,  the  direction  of  which  may  be 
presumed  to  be  indicated  by  that  of  the  cells,  which  are  oval 
and  elongated  all  in  the  samu  direction. 

Besides  this  form  of  basalt,  a  compact  and  eoluUnar  variety 
is  also  seen,  which  in  many  places  appears  to  cap  all  the  other 
strata,  but  in  others  is  itself  covered  by  a  thin  stratum,  con- 
sisting of  fragments  of  porous  basalt,  cemented  by  a  yellow 
tufa.  This  conglomerate  likewise  insinuates  itself  into  cre- 
vices between  the  other  strata.  Compact  basalt  however  is 
not  confined  to  the  uppermost  beds,  for  in  the  centre  of  the 
island  it  is  found  immediately  incumbent  on  a  limestone, 
which  Mr.  Bowdich  considers  to  belong  to  the  transition  se- 
ries, and  which  is  the  fundamental  rock  hitherto  discovered, 
being  "00  feet  in  thickness.  As  to  the  age  of  this  formation, 
however,  Mr.  Bowdich  appears  to  have  been  mistaken,  for  a 
more  recent  and  accurate  observer  (to  whose  paper  1  shall 
refer  immediately  J)  assures  us  that  it  is  entirely  tertiary. 

•  Bulletin  des  Scifricps  for  May  1825,  copied  from  the  Constitutlonncl 
for  October  23,  1824. 

t  Account  of  Madeira  and  Porto  Santo,  London,  1 S25, 
;   Mr.  Smith  of  Jordan  Hill. 
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.  All  these  beds^  even  the  limestone,  are  traversed  by  very  nu- 
merous dykes  of  basalt^  which  appear  to  be  always  compact^ 
and  have  a  natural  cleavage  at  right  angles  to  their  walls. 

Mr.  Bowdich  describes  a  small  conical  hill  situated  on  the 
high  table-land  in  the  centre  of  the  island,  which  has  on  its 
summit  a  small  elliptical  cavity,  about  200  feet  in  diameter 
and  54  feet  in  depth.  No  stream  of  lava  however  has  flowed 
from  it,  nor  has  it  any  of  the  usual  appearances  of  a  crater. 
He  also  notices  an  elliptical  fnnnel-shaped  depression  about 
eighty  feet  above  the  sea,  between  the  fort  and  Praya  Bay, 
which  seems  to  answer  to  the  description  given  by  Von  Bueh 
of  a  crater  of  elevation.  It  presents  every  evidence,  says  Bow- 
dich, of  having  been  formed  by  a  minor  volcanic  heave,  which 
threw  up  vast  blocks  of  the  rock  it  rent  from  beneath  the 
ocean  to  form  a  passage,  but  did  not  eject  any  lava  or  contents 
of  its  own. 

The  strata  here  are  stated  to  be  inclined,  but  it  would 
have  been  more  satisfactory  if  Mr.  Bowdich  had  informed  us 
whether  they  dip  in  all  directions  away  from  the  crater,  as  we 
should  expect  to  be  the  case. 

Granting  however  these  cavities  to  have  been  produced  in 
the  manner  Von  Buch  represents,  it  is  still  impossible  to  re- 
concile his  view  of  the  general  elevation  of  the  island  by  vol- 
canic agency  to  the  statements  given  by  this  last  traveller. 

It  is  true  that  there  exists  in  the  interior  of  the  island  a 
vast  fissure,  1634  feet  deep,  and  3700  feet  above  the  sea, 
^  where,*'  says  Bowdich,  "  the  basaltic  rocks  that  compose 
the  mountains  seem  to  have  been  blasted  and  shivered  by  the 
great  convulsion  which  rent  the  foundation  strata,  so  as  to 
create  at  once  this  stupendous  valley,  enlarged  and  deepened 
by  the  action  of  torrents  which  have  battered  it  for  ages." 

But  besides  that  the  strata  are  not  said  to  have  that  dis- 
position, which  is  necessary  in  all  cases  to  establish  the  fact 
of  their  having  been  heaved  up,  the  circumstance  of  their 
resting  upon  a  horizontal  bed  of  limestone  700  feet  thick 
seems  fatal  to  such  an  hypothesis.  This,  Mr.  Bowdich  re- 
marks, would  demonstrate  that  Madeira  pre-existed  as  a  mass 
of  transition,  or  probably  of  primitive  and  transition  rocks, 
which  were  covered  and  elevated  by  successive  streams  and  ejec- 
tions of  basalt  and  tufa  derived  from  some  submarine  volcano. 
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Mr.  Smith,  of  Jordan  Hill*,  has  since  coQimuiiicated  a 
paper  on  the  geology  of  this  Uland,  which  accords  better  with 
the  views  of  Bowdich  than  with  those  of  Von  Buch. 

The  igneous  rocks  composing  the  greater  part  of  the  Island 
are  lavas,  sand,  and  ashes,  with  bonib^,  lapilli,  pumice,  vol- 
canic scoriffi,  tufas,  and  conglomerates;  the  lavas  wholly 
basaltic,  containing  crystals  of  olivine,  and  though  some- 
limes  compact,  yet  even  then  alternating  with  scoriform  pro- 
ducts. The  whole  character  of  the  volcanic  formation  is  such 
as  to  imply  a  subaerial  origin,  and  this  is  corroborated  by  the 
fact,  that  the  materials  are  dispersed  without  regard  to  their 
respective  weights,  as  would  have  happened  if  they  had  beeu 
ejected  under  water.  There  are  also  roots  of  plants  in  the 
beds  of  vegetable  soil,  covered  over  by  layers  of  various  vol- 
canic products,  standing  upright  in  the  ground,  and  thus 
showing  that  the  land  was  already  elevated  above  the  waters. 

The  principal  chain  of  mountains  must  at  one  time,  Mr. 
Smith  says,  have  been  much  higher,  because  their  very  sum- 
mits consist  of  beds  which  are  met  with  only  at  the  base  of 
active  volcanic  cones.  There  in  consequently  no  great  crater 
in  the  island,  but  there  are  the  ruins  of  several  truncated 
craters,  and  many  small  lateral  cones. 

The  most  ext«Qsive  of  the  former  is  the  Curral  dos  Freiras, 
an  immense  ravine  about  three  miles  in  length,  one  in  breadth, 
and  2000  feet  in  depth,  open  on  its  southern  side,  and  com- 
posed of  beds  dipping  outwardly  on  all  sides. 

Mr.  Smith  concludes  that  it  cannot  have  been  a  crater 
of  elevation,  from  the  materials  of  which  it  consists  being  of 
subacrial  formation ;  but  this  is  a  question  of  theory,  which 
\i  ill  be  considered  afterwards. 

There  arc  numerous  lateral  cones  to  the  w  est  of  Funcbal, 
much  covered  by  a  rich  vegetation,  and  sometimes  also  con- 
cealed by  streams  of  lava  or  tutfs  erupted  from  the  crater  at 
Cape  Ginmi,  in  one  instance  to  the  thickness  of  1400  feet. 
Everything  implies  a  vast  energy  in  the  volcanic  operations, 
as  well  as  a  long  continuance  of  the  igneous  action. 

The  island  of  Porto  Santo,  according  to  Mr.  Bowdich, 
differs  fioni  that  of  Madeira,  in  the  occurrence  of  tertiary 
•   rrotccdings  ollhc  Gcol.  Soc.  \f>I,  iij.  p.  357. 
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sandstone  and  limestone  alternating  with  the  volcanic  strata*. 
The  lowest  visible  deposit  is  a  calcareous  tufa  of  a  greenish 
grey  colour,  which  extends  on  the  north-east  parts  of  the 
island  to  the  height  of  1600  feet,  and  is  ribbed  throughout 
with  vertical  dykes  of  a  reddish  brown  basalt. 

In  the  middle  of  the  island  there  is  a  depression  in  the  tuff, 
and  in  this  basin  a  bed  of  sandstone  has  been  deposited,  the 
lower  part  of  which  is  hard  and  solid,  of  a  reddish  buff  colour 
and  slaty  structure,  with  indurated  veins  effervescing  pretty 
vigorously,  and  presenting  small  black  spots,  apparently  fer- 
ruginous ;  the  upper  of  a  looser  consistence,  and  containing 
Helices,  Bulimi,  Ampullariae,  and  other  shells  belonging  to  a 
recent  epoch. 

This  sandstone  seems  to  be  of  more  recent  origin  than  the 
volcanic  matter,  for  it  is  not  traversed  by  any  dykes.  In  the 
neighbouring  islet  of  Basco,  the  calcareous  tufa  is  covered  with 
beds  of  limestone  rising  100  feet  above  the  level  of  the  sea, 
alternating  with  a  conglomerate,  in  which  nodules  of  basalt  and 
wacke  are  inserted  in  a  ferruginous  sandy  earth  of  a  brick 
and  dull  orange-red,  traversed  by  veins  of  mammillated  car- 
bonate of  lime.  This  limestone  presented  immense  masses 
of  Lamarck^s  Cateniporae  {Tubipora  catenulata),  and  contained 
specimens  of  the  Cardium,  Mytilus,  YenuSjiYoluta,  Turritella, 
Conus,  and  other  shells.  These  beds  are  traversed  in  the  same 
manner  with  dykes. 

The  tuff  of  Porto  Santo  is  sometimes  covered  with  a  com- 
pact basaltic  rock  approaching  to  phonolite,  which  forms  the 
peaks  in  the  north-eastern  part  of  the  island.  It  is  distin- 
guished by  its  vitreous  colour,  numerous  crystals  of  glascgr 
felspar  and  lamellar  structure ;  immediately  beneath  it  are  the 
dykes  which  descend  through  the  tufa  to  the  sea.  Mr.  Bow- 
dich  observed  in  one  of  them  a  deposit  of  native  alum,  derived 
probably  from  the  decomposition  of  sulphuret  of  iron,  and 
another  of  a  bright  orange  ochre,  which  also  appeared  to  have 
proceeded  from  an  altered  condition  of  the  basalt. 

Mr.  Smith  of  Jordan  Hill  differs  from  Mr.  Bowdich  in  re- 
presenting the  whole  of  the  volcanic  matter  in  Porto  Santo 
as  superimposed  upon  the  tertiary  limestone,  and  not  as  alter- 
nating with  it.  The  greatest  elevation  of  the  latter,  at  San 
Vicente,  is  no  less  than  2500  feet,  but  this  must  have  taken 

*  See  Bowdich's  work. 


plncc  iintecedeiitly  to  the  ejection  of  igneous  rocks,  and  not 
during  the  period  of  their  einission. 

Of  the  Azores  we  have  obtained  a  geological  sccount  from 
my  friend  and  fellow -student  Dr.  Webster,  of  Boston,  in  the 
United  States*, 

The  island  of  St.  Michael,  the  largest  of  them,  is  described  by 
him  aa  entirely  volcnnic,  and  as  containing  a  number  of  conical 
hills  of  trachyte,  several  of  which  have  craters,  and  appear  itt 
some  former  period  to  have  been  the  mouths  of  so  many  vol- 
canoB.  The  trachyte  is  completely  covered  by  the  ejections 
of  pumice  and  obsidian  that  have  proceeded  from  these 
fiources,  and  it  is  seldom  that  we  are  able  to  tiiecover  it,  ex- 
cept in  the  ravines  or  on  the  summit  of  the  hills. 

This  rock  however,  so  far  aa  I  can  collect  from  Dr.  Web- 
ster's description,  does  not  constitute  the  fundamental  stratum ; 
it  has  rather  been  forced  through  strata  of  tntT  and  of  basalt, 
which  extend  over  the  island,  covered  however  in  moat  placen 
by  the  ejections  of  pumice  and  obsidian.  Dr.  Webster  no- 
tices likewise  a  description  of  lava  which  he  compares  to  the 
cavernous  variety  mentioned  by  Sir  G,  Mackenzie;  it  is 
swollen  into  hu-gc  blisters  and  other  irregularities,  and  con- 
tains several  remarkable  caves,  from  the  roof  of  which  hang 
stalactites,  as  they  may  be  termed,  of  lava,  assuming  a  variety 
of  curious  arborescent  figures. 

The  island  of  St.  Michael  is  famous  for  its  hot  springs, 
which  are  impregnated  with  sulj)huretted  hydrogen  and  car- 
bonic acid  gases,  thus  seeming  to  attest  that  the  volcanic  ac- 
tion is  still  going  on.  Of  this  however,  evidences  have,  within 
the  jjresent  century,  been  afforded  of  a  far  more  direct  and 
positive  nature.  In  the  year  1811  a  phajnomenon  occurred, 
similar  in  kind  to  that  which  I  liave  already  described  as 
having  happened  in  the  Grecian  Archii>elago.  After  a  suc- 
cession of  earthquakes  experienced  more  or  less  sensibly  in 
all  the  neighbouring  parts,  a  new  island  arose  in  the  midst  of 
the  sea,  of  a  conical  form,  and  with  a  crater  on  its  summit, 
from  which  flame  and  smoke  continually  issued.  The  island, 
when  visited  soon  after  its  appearance  by  the  crew  of  the 
frigate  Sabrina,  was  about  a  mile  in  circumference,  and  two 

•   Webster,  ■  Dfstrlrtion  of  the  hland  nl  Si.  .Michatl,'  &c,     Boston,  1822. 
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or  three  hundred  feet  above  the  level  of  the  ocean ;  it  conti- 
nued for  some  weeks,  and  then  sunk  again  into  the  sea*. 

A  singular  phaenomenon  occurs  at  a  short  distance  irom 
the  coast  near  the  town  of  Villa  Franca^  which  has  all  the 
appearance  of  the  crater  of  a  volcano  half-sunk  below  the 
level  of  the  water.  It  consists  of  a  circular  basin,  the  interior 
of  which  contains  water  enough  to  float  a  small  vessel^  but 
the  sides  are  elevated  400  feet  al)ove  the  sea.  The  basin  is 
perfect  except  on  one  side^  where  the  depth  of  water  is  suffi- 
cient to  allow  a  ship  to  enter,  and  the  latter  would  ride 
securely  in  the  interior,  were  it  not  for  a  sinking  of  the  basin 
on  one  side,  which  allows  of  the  sea  breaking  over  it  when 
the  wind  sets  in  a  south-easterly  direction. 

The  sides  of  the  basin  consist  of  tuff,  presenting  an  abrupt 
precipice  externally,  but  dipping  in  a  more  gradual  manner 
towards  the  interior,  and  Dr.  Webster  observes  that  the  strata 
all  slope  in  the  latter  direction  and  not  towards  the  circum- 
ference, so  that  the  structure  is  the  very  reverse  of  that  de- 
scribed by  Von  Buch  as  belonging  to  the  waters  in  the  Canary 
Islands;  and  the  circular  cavity  cannot  in  this  case  have  been 
formed  by  an  uplifting  of  the  strata,  but  either  by  a  subsi- 
dence of  them,  or,  as  Mr.  Darwin  conceives  more  probable, 
by  the  deposition  of  strata  within  a  pre-existing  cavity. 

The  following  sketch  may  represent  the  appearance  of  the 
basin.  5 


&thom*. 


lOfiRthomt. 


Sea  breaks  in  with 
■outh-eaat  winds. 


The  pyramid. 


♦  Humboldt  (Pers.  Narr.  vol.  i.  p.  243)  remarks,  that  the  formation  of 
the  island  was  anterior  to  that  of  the  crater. 
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There  also  occurs  in  the  midst  of  the  sea  a  pyramidal  msas 
of  tufl'  only  thirty  or  forty  feet  in  diameter,  consisting  of  hori- 
zontal strata  from  one  to  two  feet  in  thickness.  It  is  e^'idcntly 
the  remnnDt  of  a  formation,  the  greater  part  of  which  has  been 
washed  away,  and  seems  to  be  analogous  to  that  which  I  have 
noticed  as  occurring  in  the  valley  of  the  Puy  eu  V'elay  in  the 
south  of  France. 

The  other  islands  belonging  to  the  same  group  appear  to 
be  similarly  constituted.  That  of  Kl  Pico  is  the  only  one 
which  contains  a  volcano  at  present  in  activity,  for  the  great 
currents  of  lava  which  Honed  in  1S12  from  the  adjoiniug 
island  of  St.  George,  are  considered  as  the  results  of  a  lateral 
eruption  from  this  volcano.  The  summit  of  El  Pico  has  been 
stated  at  no  less  than  9000  feet  above  the  sea* ;  it  consists  of 
a  conical  mass  of  trachyte,  and  is  constantly  emitting  smoke. 

Mr.  Darwin  states  that  the  central  portions  of  the  island  of 
Terceira  consist  of  trachyte,  closely  resembling  that  of  Ascen- 
sioQ.  It  is  overlaid  by  streams  of  basaltic  lava  which  may  be 
traced  to  their  respective  craters.  The  only  volcanic  phaeno- 
menon  now  exhibited  in  this  island  is  the  emission  of  steam 
from  a  fissure  in  a  trachytic  rock,  which  undergoes  in  conse- 
quence tliose  changes  which  I  have  pointed  out  as  resulting 
from  the  action  of  aqueous  vapour  upon  siliceous  materials 
(see  pages  244  and  311). 

Notwithstanding  the  general  volcanic  character  of  the 
Azores,  it  is  stated,  on  the  authority  of  Count  V.  de  Bedemar, 
that  Flores  and  Graciosa  consist  of  clay-slate,  to  which  we 
must  add  the  island  of  St.  Marie,  consisting  of  schistose  rocks, 
which  Von  Buch  conjectures  to  be  of  lias.  The  femur  of  a 
large  animal  is  stated  to  project  irom  the  face  of  the  rock  in 
an  inaccessible  part  of  the  chff. 

It  may  perhaps  be  inquired,  as  a  subject  associated  with  that  of 
the  volcanos  now  under  our  consideration,  what  degree  of  light  geo- 
logy is  capable  of  affording  with  respect  to  the  existence  of  a  former 
continent  or  large  island,  sen'iiig  to  counect  Europe  with  America, 
which  the  ancients  sometimes  allude  to  under  tlic  name  of  Atlantis. 

It  might  apjjear  at  first  sight,  as  if  the  knowledge  we  have  of  late 

•  Von  Buch  gives  various  estimates,  varying  from  CSSS  to  8586.  He 
regards  as  tlie  most  probable  that  of  Ferrer,  which  makes  its  height  7328 
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obtained  with  respect  to  the  physical  structure  of  these  islands,  which 
in  such  case  would  be  regarded  as  the  relics  of  this  submerged  coun- 
try, lent  some  weight  to  the  historical  evidence  in  favour  of  its 
existence,  since  the  volcanos  that  are  proved  to  be  in  action  in  so 
many  parts  of  the  intermediate  tract  of  ocean,  might  afford  an  ade* 
quate  explanation  of  the  effect  supposed  to  have  taken  place. 

But  on  the  other  hand,  when  we  examine  more  narrowly  into  the 
appearances  presented  in  the  localities  just  described,  we  shall  find 
it  greatly  more  probable,  that  they  have  been  separately  raised  ftrom 
the  bottom  of  the  sea  by  volcanic  agency,  than  that  they  have  been 
severed  apart,  after  having  once  constituted  a  single  continuous  tract 
of  land.  The  details  which  I  have  extracted  from  Von  Buch's  in- 
teresting memoirs  lead  inevitably  to  this  conclusion,  as  they  tend  to 
demonstrate,  that  the  strata  which  form  the  basis  of  these  islands, 
and  through  which  the  volcanic  cones,  where  such  exist,  have  been 
protruded,  were  formed  originally  at  the  bottom  of  the  sea,  and  have 
been  afterwards  heaved  up  by  elastic  vapours  acting  from  beneath. 

It  may  be  alleged  indeed  that  the  whole  number  of  these  islands 
does  not  consist  of  volcanic  matter,  for  Gomera,  Fortaventura,  and 
others,  contain  rocks  consisting  either  of  primitive  materials  or  of  lime- 
stone ;  but  the  rare  occurrence  of  the  latter  over  a  tract  so  vast,  as  that 
which  the  continent  of  Atlantis  must  be  supposed  to  have  occupied, 
certainly  lends  but  little  countenance  to  the  hypothesis.  It  may  be 
remarked  too,  that  volcanos  seem  much  more  active  in  building  up 
strata  than  in  destroying  them,  and  that  if  they  had  operated  on  so 
extensive  a  scale  as  must  be  assumed  by  those  who  attribute  to  their 
agency  the  destruction  of  a  continent,  they  would  on  the  other  hand 
have  raised  up  more  extensive  tracts  of  volcanic  materials  in  the  place 
of  those  they  had  been  the  means  of  subverting.  It  is  sufficient  in- 
deed to  cast  a  glance  over  the  conjectural  map  of  the  Atlantis,  by 
Bory  St.  Vincent'*',  to  be  convinced  of  the  absurdity  of  any  such  hy- 
pothesis ;  for  who  can  imagine  a  tract  of  land  extending  from  40^  to 
15^  north  latitude,  having  for  its  northern  boundary  the  Azores,  for 
its  southern  the  Cape  de  Verde  Islands,  and  for  its  eastern  promon- 
tory the  Peak  of  Teneriffe,  to  have  been  swallowed  up  in  the  ocean 
by  causes  in  operation,  within  the  period  that  has  elapsed  since  the 
creation  of  man  ? 

Nevertheless  it  is  curious  to  remark,  how  often  the  early  traditions 
which  have  been  handed  down  to  us  from  a  remote  age  shadow  out  ob* 
scurely  those  physical  truths  which  modern  investigations  reveal  to 
us.  Though  the  subsidence  of  a  continent  occupying  any  large  extent 

*  See  Bory  St.  Vincent  sur  les  lies  Fortunes. 
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of  what  is  now  a  part  of  the  Atlantic  could  not,  ae  would  Rppcsr, 
lure  obtained  currency  among  the  Greeks  from  any  remote  re- 
cords, yet  the  recent  investigations  of  Professor  B.  Forbes,  which 
have  already  been  briefly  adverted  to  (page  301},  seeni  to  point  out 
tbe  probability,  that  itt  a  period,  geologically  speaking,  not  so  Tciy 
remote,  such  an  event  must  have  taken  place,  since  they  refer  to  an 
Km,  at  which  species  of  plants  and  animals  now  existing  on  the  anr- 
&ce  of  Ihc  globe  were  already  in  being,  as  having  witnessed  the 
union  of  the  coasts  of  Spain  with  tlioae  of  Ireland,  by  the  interposi- 
tion of  a  continent  extending  jirobably  as  far  as  the  Azores.  'Ilins 
we  find  the  boldest  fictions  of  the  ancients  rivalled  by  the  specula- 
tions of  the  moderns,  with  this  difference  however,  that  what  with 
the  former  was  the  mere  creation  of  a  prolific  fancy,  is  in  the  Ifttter 
arrived  at  by  a  slow  and  patient  process  of  induction,  just  as  the 
dragons  of  romance  are  realized  in  the  pterodaclyh  of  geology. 

At  a  still  lower  latitude,  though  indeed  Dot  very  remote 
from  that  part  of  the  African  coast  in  which  some  indications 
of  igneous  agency  appear  to  present  thereisehes,  is  the  group 
of  the  Cape  de  Verde  Islands. 

They  arc  said  to  consist  principally  of  volcanic  matter,  but 
the  only  members  of  the  group  that  have  been  described  by 
any  recent  writer  are  Fuego  and  St,  Jago. 

The  former  appears  to  contain  the  only  active  volcano  in 
the  whole  series.  Small  as  the  island  is,  it  is  said  to  rise  to 
the  height  of  7000  feet  above  the  sea.  The  cone,  according 
to  M.  Duvallc*,  is  pliiced  in  the  centre  of  a  basaltic  crater, 
being  encircled,  like  that  of  Vesuvius,  by  a  semicircular  crest 
of  rocks  on  one  side,  whilst  on  the  other  it  is  destroyed. 
Numerous  cones  of  sciiria;  are  scattered  over  its  flanks,  the 
most  recent  dating  from  the  years  1785  and  179D. 

The  crater  of  elevation,  which  surrounds  the  cone  of  erup- 
tion, is  composed  of  basalt  alternating  with  beds  of  conglo- 
merate, and  traversed  by  numerous  veins.  The  cone  itself 
rises  from  the  bottom  of  the  crater  to  the  height  of  more  than 
3000  feet,  and  the  culminating  point  of  the  circus  is  not  far 
inferior  in  height  to  the  peak  itself. 

With  regard  to  the  geological  structure  of  St.  Jago,  Mr. 
Darwin  has  commimicatcd  several  interesting  facts  t-     It  ap- 
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pears  that  a  stratum  of  white  limestone,  resting  on  ancient 
volcanic  rocks,  which,  from  the  abundance  of  Patellae  and  other 
littoral  shells  it  contains,  as  well  as  from  its  mineralogical 
characters,  would  seem  to  have  been  deposited  only  in  shallow 
water,  is  covered  by  a  stream  of  basaltic  lava,  which  is  cellular 
both  at  bottom  and  at  top,  but  in  the  centre  compact.  This 
calcareous  rock  is  not,  as  might  have  been  expected  from  the 
absence  of  any  great  pressure,  deprived  of  its  carbonic  acid, 
but  near  the  junction  is  curiously  metamorphosed,  either  into 
a  hard,  compact,  white,  fine-grained  rock,  striped  with  a  few 
parallel  lines  of  black  volcanic  particles,  or  into  a  hard  rock 
without  any  crystalline  structure,  thickly  mottled  with  rounded 
spots  of  a  soft  ochreous  substance.  It  is  observable  that  no 
part  of  this  limestone  is  converted  into  dolomite. 

The  lava  also  contains  much  carbonate  of  lime  of  a  white 
powdery  character  in  cells.  The  cells  are  likewise  Uned,  and 
partly  filled  with  a  white,  delicate  network  of  carbonate  of 
Hme  possessing  a  fibrous  structure,  as  if  it  had  been  drawn 
out  into  threads  whilst  in  a  state  of  semi-fiision.  The  interior 
of  the  island  is  composed  of  volcanic  rocks  of  older  formation 
than  those  described,  many  of  which  resemble  trachyte.  No 
eruptions  of  recent  date  appear  to  have  taken  place  in  this 
island,  which  is  chiefly  interesting  as  exhibiting  the  effects  of 
volcanic  heat  upon  rocks  of  neptunian  origin  under  an  in- 
considerable pressure.  Knowing  as  we  do  that  limestone  re- 
tains its  carbonic  acid  even  at  a  very  high  temperature  in  an 
atmosphere  of  carbonic  acid,  we  need  not  be  so  much  asto- 
nished at  the  association  of  crystalline  limestones  with  cellular 
lavas,  or  at  the  fusion  of  a  icalcareous  breccia  taking  place  in 
comparatively  shallow  water  without  the  loss  of  its  carbonic 
acid. 

Below  the  Equator,  in  latitude  8°,  and  at  a  great  distance 
firom  either  continent,  is  the  island  of  Ascension,  which  is  en- 
tirely made  up  of  volcanic  matter.  The  central  and  more 
elevated  parts  of  the  ishmd,  according  to  Darwin  i',  consist  of 
trachyte,  with  which  are  associated  obsidian,  homstone,  and 
several  kinds  of  laminated  felspathic  rocks.  The  greater 
number  of  the  hills  however  are  composed  of  a  white^  friable 

*  Volcanic  Islands. 
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stone,  like  a  Irachytic  tuff,  which  1  conceive  to  be  analogous 
to  tliat  of  M.  Epomeo  in  Ischia,  which  1  have  called,  hesi- 
tatingly, ft  pumiceous  conglomerate.  Mr.  Darwin  alleges  in 
contradiction  to  this  the  presence  of  veins  inl«rsectbg,  and  of 
crj'stals  of  felspar  dispersed  through  the  rock,  but  neither  of 
these  facts  appears  inconsistent  with  the  idea  of  its  having  re- 
sulted from  a  re-aggregation  of  the  component  parts.  Ejected 
masses  of  unchanged  granite  are  imbedded  in  the  midst  of 
masses  of  scoria;,  as  I  have  stated  to  be  the  case  at  Mount 
Etna. 

The  only  exception  to  the  volcanic  character  of  the  island 
consists  in  an  accumulation  of  shells  and  corals  along  the  sea- 
beach,  agglutinated  into  a  compact  mass  by  the  infiltratioD  of 
calcareous  matter.  The  rest  would  appear,  from  Mr.  Darwin's 
description,  to  be  of  trachytic  origin,  and  the  curious  trans- 
itions from  this  material  into  obsidian,  which  are  dwelt  upon 
by  this  geolo^st,  will  be  noticed  in  a  subsequent  part  of  this 
work,  wherein  the  differences  between  submarine  and  subaerial 
lavas  come  under  our  consideration. 

Whilst  Ascension  seems  to  be  of  subaerial,  St.  Helena 
would  appear  to  be,  in  great  measure  at  least,  of  submarine 
formation.  The  first  is  composed  of  lavn-streams,  which, 
although  they  have  not  been  erupted  at  any  period  since  the 
island  was  first  discovered,  that  is,  « ithin  350  years,  are  as 
glossy  as  if  just  poured  forth.  The  craters  from  which  they 
have  proceeded  are  well-defined,  and  there  is  an  entire  ab- 
sence of  dykes. 

In  St.  Helena,  on  the  contrary,  the  course  of  no  one  stream 
of  lava  can  be  traced  either  by  the  state  of  its  boundaries  or 
of  its  superficies ;  the  mere  wreck  of  one  great  crater  is  left, 
and  dykes  are  scattered  in  profusion  throughout  the  whole 
substance  of  the  basaltic  masses  which  compose  the  island. 

As  at  St,  Jago  and  the  Mauritiiis,  the  basaltic  strata  form 
a  ring  or  circular  rampart,  open  indeed  to  the  south,  and 
breached  elsewhere  by  several  other  wide  spaces,  but  surround- 
ing the  rest  of  the  island,  and  rising  to  a  somewhat  higher 
elevation. 

Within  this  outer  circle  is  a  central  curved  ridge  of  grey 
felspathic  lavas  and  of  tuffs,  which  seems  like  the  last  remnant 
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of  the  original  crater  that  once  existed  in  the  centre  of  the 
island.  It  is  almost  precipitous  within^  but  slopes  more  gently 
towards  the  circumference  of  the  island,  resembling  the  crater 
of  Teneriffe  in  the  relation  it  bears  to  the  ring  of  basaltic  rocks 
which  encircles  it. 

Mr.  Darwin,  without  entirely  adopting  the  views  of  Von 
Buch  with  regard  to  the  formation  of  these  craters,  admits 
generally,  that  they  are  formed  by  elevation,  and  that  the 
whole  island  has  been  upheaved  in  mass,  and  not  formed  by 
successive  ejections  of  lava. 

It  may  be  remarked,  that  both  the  felspathic  and  basaltic 
portions  are  equally  reticulated  with  numerous  dykes,  which 
imply  a  stretching  and  a  consequent  elevation  or  displacement 
of  the  containing  rock.  These  are  generally  coated  by  a  thin 
glossy  layer,  which  fuses  into  a  black  enamel,  and  is  evi- 
dently analogous  to  the  glossy  superficial  coating  of  many 
lava-streams. 

Mr.  Darwin  seems  to  consider  the  circumstance  of  felspathic 
lavas  or  trachytes  being  more  recent  than  those  containing 
augite  as  rather  anomalous,  but  it  must  be  recollected,  that 
the  augitic  lavas  which  he  describes  belong  to  the  class  of  sub- 
marine lavas,  and  nothing  is  more  common  in  the  history  of 
volcanic  mountains  than  a  trachytic  cone  encircled  by  an  am- 
phitheatre of  basaltic  rocks.  The  only  circumstance  therefore 
which  forms  in  any  degree  an  exception  to  the  common  rule, 
is,  that  the  lavas  ejected  from  the  central  cone  should  be  all 
felspathic,  but  of  this  there  are  instances  at  the  Solfatara  in 
the  lava  of  Mount  Olibano,  and  elsewhere.  May  not  these 
lava-streams  be  of  subaerial  formation,  although  the  basaltic 
rocks  encircling  them  were  poured  forth  under  water  ? 

It  would  appear*  that  at  various  times  during  the  last  cen- 
tury, in  a  space  of  open  sea  between  long.  20°  and  22°  west, 
and  about  half  a  degree  south  of  the  Equator,  a  series  of  vol- 
canic phaenomena  have  been  observed,  consisting  of  earth- 
quakes, floating  scoriae,  and  columns  of  smoke,  seeming  to  show 
that  an  island  or  archipelago  is  in  process  of  formation  in  the 
middle  of  the  Atlantic ;  a  line  joining  St.  Helena  and  Ascen- 

*  Nautical  Magazine,  1835,  and  Comptes  Rendas,  1838,  quoted  by  Dar- 
win.  Volcanic  Islands,  p.  92. 
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Bion,  prolonged,  intersects  this  slowly  nascent  focus  of  toI- 
canic  action. 

Nearer  the  coast  of  America,  in  lat.  3°"50,  are  several  islets 
called  Fernando  Noronha,  which  Mr.  Darwin  has  briefly  no- 
ticed. They  consist  of  various  kinds  of  lava  ;  but  the  most  re- 
markable  feature  is  a  hill  lOOO  feet  high,  of  which  the  upper 
400  feet  consist  of  a  precipitous  pinnacle  of  cohimnar  clink- 
stone with  numerous  crystals  of  felspar  and  a  few  needles  of 
hornblende. 

The  islands  of  Tristan  d'Acunha  exist  in  the  South  Atlantic 
Ocean,  about  1500  miles  from  any  land,  in  W.  long.  ll°-44, 
S.  Int.  .37°'6>  ^""1  th^  largest  of  the  group  consists  of  a  single 
mountain,  certainly  not  less  than  7000  feet  high,  though  some 
estimate  it  at  9000  feet,  composed  of  a  truncated  cone,  from 
the  centre  of  which  rises  a  dome  5000  feet  in  height*. 

The  cone  consists  of  a  number  of  alternating  strata  of  tufa 
Rnd  Bugitic  lava  intersected  by  numerous  dykes.  The  dome 
is  difficult  of  ascent,  from  its  extreme  steepness,  and  from  the 
loose  incoherent  nature  of  the  rocks.  For  a  considerable  way 
the  surface  is  covered  with  extensive  patches  of  fern,  grass,  or 
shrubs,  the  ground  being  swampy;  but  for  a  distance  of  a 
mile  and  a  half  from  the  summit  it  is  perfectly  bare,  consist- 
ing of  loose  scoria;  and  fragments  of  cellular  lava.  Ridges 
of  lava,  which  descend  from  the  summit,  afford  the  only  means 
of  climbing  to  the  crater. 

The  latter  is  nearly  a  mile  in  circumference,  and  has  a 
small  lake  of  pure  water  at  its  bottom.  Some  isolated  cones, 
entirely  bare,  are  scattered  over  the  island  in  various  spots. 

"  Linnoean  Transactions,  vol.  vii. 


465 


CHAPTER  XXIX. 

WEST  INDIAN  ARCHIPELAGO. 

Division  of  the  Islands  into  four  classes : — Ist  class — ^Trinidad,  its  pitch- 
lake — Jamaica,  extinct  volcano — Cuba,  upraised  beach — St.  Domingo 
— Porto  Rico.— 2nd  class — Grenada — St.  Vincent — St.  Lucia — Mar- 
tinique—  Dominica — Guadeloupe — Montserrat — Nevis — St.  Christo- 
pher's— St.  Eustachia«— 3rd  class.— 4th  class — Antigua. 


Thb  islands  constituting  the  West  Indian  Archipelago  are 
commonly  distinguished,  according  to  their  size,  into  the 
Greater  and  Lesser  Antilles,  but  they  have  been  divided  by  a 
French  geologist*,  with  more  reference  to  their  physical  con- 
stitution, into  four  classes. 

The  first  of  these  includes  such  as  consist,  partly  of  primi- 
tive (or  to  speak  more  correctly,  of  the  more  ancient)  rock- 
formations,  and  partly  of  those  derived  from  volcanos. 

The  second,  those  which  are  wholly  volcanic. 

The  third,  those  entirely  calcareous. 

The  fourth,  such  as  are  partly  of  volcanic  origin,  and  partly 
composed  of  limestone  with  organic  remains. 

This  classification  cannot  be  regarded  as  precisely  correct, 
for  we  do  not  know  that  all  those  of  the  first  class  contain 
volcanic  products,  nor  are  those  of  the  second  entirely  com- 
posed of  them — nevertheless  for  convenience  sake  it  may  be 
adopted,  seeming,  as  it  does,  to  place  together  those  islands 
which  are  analogous,  although  not  altogether  identical^  in 
structure. 

Now  to  the  first  of  these  classes  are  referred  all  the  islands 
of  the  largest  size,  such  as  Trinidad,  Jamaicaf^  Cuba,  St. 
Domingo,  and  Porto  Rico. 

*  See  Cortes,  Journal  de  Physique,  torn.  Ixx. 

t  Jamaica,  strictly  speaking,  does  not  belong  to  this  class,  since  it  ap- 
pears from  Sir  H.  De  la  Beche's  account,  that  besides  transition  rocks  and 
some  of  the  older  secondary,  it  contains  likewise  an  extensive  formation  of 
white  limestone,  referable  to  the  tertiary  period. — See  his  paper  in  the 
Oeol.  Trans,  vol.  ii.  2nd  series. 
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With  regard  to  Trinidad  however  it  may  be  ob8er^■ed,  thnt 
it  seems  rather  to  make  a  part  of  the  continent,  than  to  lie  g 
member  of  the  system  of  mountains  traversing  the  other  West 
India  Islands. 

Dr.  Nugent  observes,  tliat  its  rocks  are  either  decidedly  of 
primitive  or  of  alluvial  origin  *.  The  great  northern  range  of 
mountains  that  runs  from  east  to  west,  and  is  connected  with 
the  high  land  of  Poria  on  the  continent  hy  the  islands  of  the 
Bocas,  consists  of  gneiss ;  of  roica-slate,  containing  great 
m&Heea  of  quartz,  and  in  many  places  approaching  so  near  t) 
the  nature  of  talc,  as  to  render  tlie  soil  cjuite  unctuous  by  Its 
decomposition;  and  of  compact  bluish  limestone,  with  fre- 
quent veins  of  white  crystallized  carbonate  ol  lime.  From 
the  foot  of  these  mountains  for  many  leagues  to  the  north- 
ward, there  extends  a  low  and  perfectly  level  tract  of  land, 
evidently  formed  by  the  detritus  of  the  mountains,  and  by  the 
copious  tribute  from  the  waters  of  the  Ohio,  deposited  there 
by  the  influence  of  currents. 

The  celebrated  pitch-lake  exists  in  the  midst  of  a  clayey 
soil ;  it  is  a  vast  expanse  wf  asphaltum,  perhaps  three  milea 
in  circumference,  which  in  the  wet  season  is  sufficiently  solid 
to  bear  any  weight,  but  in  hot  weather  is  often  in  a  state  ap- 
proaching to  fluidity.  The  manner  in  which  it  was  originally 
formed  may  perhaps  admit  of  an  explanation,  by  considering 
certain  analogous  pha;nomcna  that  present  themselves  in  its 
vicinity.  Thus  on  the  eastern  coast  there  is  a  pit  which 
throws  up  asphaltum,  together,  as  it  is  said,  with  violent  ex- 
plosions, smoke  and  flames.  Almost  in  the  same  parallel, 
and  also  in  the  sea,  biit  to  the  west  of  the  island  (near  Punta 
de  la  Brea,  south  of  the  port  of  Naparima),  is  a  similar  vent. 
At  the  south-west  extremity  of  the  island,  between  Point 
Icacos  and  the  Rio  Erin,  are  small  cones,  which  appear  to  have 
some  analogy  with  the  volcanos  of  air  and  mud  which  occur  at 
Turbaeo  in  New  Grenada,  ami  are  described  by  Humboldt. 

It  is  possible  that  the  whole  of  these  phainomena  may  be  ana- 
logous to  those  of  Macaluba  and  of  the  Lago  Naflia  in  Sicily, 
which,  though  they  occur  most  frequently  in  the  vicinity  of 
rocks  derived  from  volcanic  operations,  arc  to  be  viewed  per- 

*   Geol.  Transaction^,  vol.  i. 
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haps  rather  amongst  the  secondary  than  the  primary  effects 
of  this  deep-seated  cause. 

Mr.  Jukes  informs  me,  that  he  found  in  Trinidad  a  rock 
like  a  white  granite,  probably  the  same  as  that  described  by 
Dr.  Darwin  in  Ascension,  imbedded  in  black  lava,  and  also 
beds  of  sandstone  comprising  recent  shells,  amongst  which 
were  Nerita  still  retaining  their  colour. 

We  are  indebted  to  Sir  Henry  De  la  Beche  for  a  sketch  of 
the  geology  of  the  island  of  Jamaica*,  from  which  it  appears, 
that  whilst  trap  rocks  are  pretty  widely  distributed,  subaerial 
volcanos  have  not  been  discovered,  except  in  one  locality. 

The  following  is  the  description  given  by  Sir  Henry  of  the 
place  in  question : — 

**  In  that  part  of  Jamaica  which  I  examined,  I  observed 
rocks  of  a  volcanic  character  only  at  the  Black  Hill,  which  is 
situate  between  Lennox,  Low  Layton,  and  the  sea;  this  hill, 
when  viewed  from  the  neighbourhood  of  Buff  Bay,  has  a 
somewhat  conical  appearance,  and  rises  above  the  low  hills 
that  extend  towards  Savanna  Point ;  the  hill  however,  when 
approached,  is  seen  to  be  no  cone,  notwithstanding  its  effect 
at  a  distance. 

^^  The  rock,  of  which  the  Black  Hill  is  composed,  is  greyish 
green  and  hard,  gives  out  an  earthy  smell  when  breathed 
upon,  and  may  be  described  in  general  terms  as  a  volcanic 
amygdaloid,  the  cells,  with  which  it  abounds,  being  mostly 
filled ;  those  however  which  have  been  exposed  to  the  weather 
are  frequently  empty,  as  are  also  those  within  a  few  inches 
from  the  surface.  The  interior  of  the  empty  cells  is  often  in- 
crusted  with  a  little  oxide  of  iron,  while  those  that  are  full, 
and  which  convert  the  rock  into  an  amygdaloid,  contain  chal- 
cedony, calc-spar,  &c.^ 
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Of  the  physical  structure  of  Cuba  we  know  at  present  but 
little,  for  although  Humboldt  twice  visited  the  Havana,  he 
does  not  appear  to  have  extended  his  excursions  far  into  the 
interior,  and  the  whole  of  his  information  on  this  subject  is 
comprised  within  a  very  short  compass  f. 

♦  Geol.  Transactions,  vol.  ii.     New  series. 
t  Essai  Politique  sur  I'lle  de  Cuba,  p.  45,  et  seq. 
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He  8aja  that  four-fifths  of  the  surface  of  the  island  ia  low, 
not  more  than  from  forty-five  to  sixty  toises  above  the  aea, 
and  that  it  consists  of  secondary  and  tertiary  formations, 
pierced  in  some  places  by  rocks  of  granite-gneiss,  syenite  and 
euphotide.  The  most  elevated  group  of  mountains  is  found 
on  the  south-east  extremity  of  the  island  between  Cabo-Cru«, 
Punta  Maysi  and  Holguin.  It  is  called  the  Sierra  del  Cobre, 
and  rises  to  a  height  of  more  than  12CK)  toises, 

Humboldt  speaks  of  calcareous  rocks  found  near  Matanzas 
which  belong  to  the  Jura  fornsation,  but  during  the  cursory 
visit  which  I  paid  to  that  locality  in  1838, 1  only  observed  an 
extensive  coralline  hmestone  of  recent  date,  upheaved  from 
the  sea.  It  contains  large  caverns,  and  is  filled  with  a  pro- 
fusion of  very  beautiful  corals,  as  well  as  of  sheila  belonging 
to  species  now  existing.  It  forms  a  kind  of  belt  along  the 
northern  coast,  not  only  between  Havana  and  Mntanzas,  but 
I  believe  for  a  much  greater  distance,  and  is  probably  one  of 
the  most  extensive  coral  beaches  to  be  found  in  any  part  of 
the  world. 

East  of  the  Havana,  rocks  of  serpentine  and  syenite  make 
their  appearance.  I  observed  the  former  at  Guauatnacoa,  south 
of  the  city  ;  but  no  volcanic  rocks,  such  as  Inicliytes,  dulerites 
or  basalts,  have  yet  been  observed,  although  earthquakes  ore 
not  uncommon,  especially  in  the  eastern  portion  of  the  island. 

The  latter  borders  upon  that  district  in  St.  Domingo  which 
is  most  exposed  to  these  catastrophes ;  for  some  of  the  worst 
earthquakes  in  that  islaud  have  beeu  felt  between  Cape  Tibu- 
ron  and  Port  au  Prince,  extending  to  Porto  Rico  on  the  one 
hand  and  to  Jamaica  on  the  other.  In  that  of  1 770  the  whole 
of  this  granitic  neck  of  land  was  laid  waste  by  the  ravages 
they  occasioned. 

Concerning  the  geology  of  St.  Domingo  I  have  been  un- 
able to  obtain  any  information ;  and  with  respect  to  Porto 
Rico,  we  are  only  tohl  by  Cortes,  in  his  Memoir  on  the  An- 
tilles before  referred  to,  that  it  contains  ancient  volcanic  as 
well  as  primitive  or  plutonic  rocks. 

The  second  class  of  islands,  which  consist  exclusively  of 
volcanic  rocks,  occurs  together  in  one  line,  extending  nearly 
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north  and  south,  and  terminating  in  Trinidad,  being  circum- 
scribed within  north  lat,  12^  and  18%  and  west  long.  61°  and 
63^.  Whatever  indications  of  this  kind  present  themselves 
further  to  the  west  belong  to  eruptions  of  an  older  date. 

The  following  is  a  summary  of  them,  beginning  with  the 
most  southern  member  of  the  range : — 

1.  Grenada.    The  mountain  called  Le  Mome  Rouge  is  an 

extinct  crater,  consisting  of  scoriae  and  vitrified  matter. 
Columnar  basalt  crowns  two  of  the  heights,  and  there 
are  boiling  springs. 

2.  St.  Vincent  contains  an  active  volcano,  called  Le  Sou£frier,  or 

Mome  Garou,  the  loftiest  mountain  in  the  chain  which 
runs  through  the  island,  being  4740  feet  above  the  sea. 
It  first  threw  out  lavas  in  1718,  but  its  most  tremendous 
eruption  was  in  1812,  when  there  issued  from  the  moun- 
tain a  di*eadful  torrent  of  lava,  and  such  clouds  of  ashes 
as  nearly  overspread  the  island,  and  injured  the  soil  in  a 
manner  from  which  it  has  not  even  yet  recovered.  The 
total  ruin  of  the  city  of  Caraccas  preceded  this  explosion 
by  thirty-five  days,  and  violent  oscillations  of  the  ground 
were  felt  both  in  the  islands  and  on  the  coasts  of  Terra 
Firma*. 

3.  St.  Lucia  contains  a  very  active  solfatara,  from  1200  to 

1400  feet  in  height.  Besides  a  considerable  condensation 
of  sulphur  given  out  from  the  crevices,  there  is  likewise 
an  emission  of  jets  of  hot  water,  which  fill  periodically 
certain  small  basins,  like  the  Geysers  of  Iceland. 
Von  Buchf  states,  on  the  authority  of  a  writer  in  the  Swe- 
dish Transactions,  that  a  small  eruption  of  stones  and  cinders 
took  place  from  its  crater  in  1766^. 

*  Humboldt's  Pen.  Narr.  vol.  iv.  p.  26. 

t  Canary  Islands. 

X  These  ashes  were  conveyed  to  Barbados  in  spite  of  the  east  wind 
which  was  blowing  at'  the  time,  although  the  latter  island  lies  to  the  east- 
ward of  St.  Vincent's.  This  curious  fact  proves  the  existence  of  an  upper 
current  in  the  atmosphere,  flowing  in  a  contrary  direction  to  that  near  the 
surface,  thus  establishing  the  conjecture  of  Halley  with  regard  to  the  trade- 
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4.  Martinique,  strictly  speaking,  can  hardly  be  said  to  beluug 

to  this  class,  for  limestone  is  here  seen  resting  upon  the 

volcanic  products. 
The  Utter  however  constitute  the  fiindamental  rock  through- 
out the  whole  island,  and  form  its  three  principal  hills,  which 
are  called  Vauelin,  the  Paps  of  Carbct,  consisting  of  felspathic 
lava,  the  suoimitB  of  which  are  the  most  elevated  points  in  the 
whole  of  this  series  of  islands,  and  Montagne  Pcl^e.  In  the 
neighbourhood  of  the  latter  pumice  is  abundant,  which  may 
make  uf)  presume  the  existence  of  trachyte.  Between  the 
firMt  luifl  second  of  these  mountains  is  found  on  a  neck  of 
land  n  tract  composed  of  ancient  basalts,  called  La  Roche 
Carrie.     Hot  springs  occur  at  Pr^cheur  and  Lameutln. 

5.  Dominica   is   completely   composed   of   volcanic   matter. 

There  are  several  solfataras,  hut  no  active  vent.  Trachyte 
is  found  at  the  base  of  the  mountains,  which  rise  to  the 
height  of  3700  feet. 

Ci.  Guadeloupe  may  be  divided  into  two  parts,  according  to 
its  physical  structure. 

Tlie  first,  properly  called  Guadeloupe,  consists  entirely  of 
volcanic  rocksj  nnd  therefore  belongs  to  this  division  of  our 
subject;  the  second,  named  Grande  Terre,  consists  of  a  lime- 
stone with  shells  identical  with  those  now  found  in  the  neigh- 
bouring seas,  covered  by  a  bed  of  clay,  nnd  containing  rolled 
masses  of  lava.  The  volcanic  part  of  the  island  contains  four- 
teen ancient  craters,  and  one  in  a  state  of  present  activity. 
The  eruption  of  1/97  took  place  from  an  elevation  of  4800 
feet.  Pumice,  ashes,  and  clouds  of  sulphureous  vapours 
«'cre  then  ejected.  The  particulars  are  gi\en  in  the  report 
made  to  the  French  Government  on  the  state  of  the  volcano 
in  1797  by  M.  Amie. 

On  the  3rd  of  December  183G*,  an  enormous  quantity  of 


Kinds.  A  Bimilav  op|iosition  of  currents  is  observed  in  Ihc  Canary  Inlands, 
for  on  the  summit  of  the  Teak  of  TenerilTc  a  violent  west  wind  [irevails  at 
tlie  vtry  time  when  the  trniie-winds  are  blowing  in  an  casteily  direction 
below.— See  llalley,  i'hil,  Trana.  vol.  xvi.  \y.  \!t\,  Humboldt's  I'ers.  Nam 
vol.  i.  p.  132.  Vim  Huch  on  the  Climate  of  the  Canary  Islands,  in  the 
Transactions  of  the  Berlin  Academy,  and  Kd.  Phil.  Journal,  July  1826. 
t'nmptes  Rrmliis,  IfilT,  jip.  20i  iind  C^:>2. 
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ashes  were  ejected  from  the  eastern  crater,  whilst  mephitic 
vapours  were  exhaled  from  other  parts  of  the  volcano ;  aVid 
this  was  followed,  on  the  12th  of  February  18379  by  the 
emission  of  an  enormous  quantity  of  mud  from  a  fissure  on 
the  north-western  flank  of  the  mountain,  sufficient  to  swell 
the  rivers  that  flowed  down  the  slope  in  the  same  direction, 
and  to  raise  their  level  as  much  as  twenty  feet.  The  eruption 
was  attended  by  earthquake-shocks  experienced  all  over  the 
island.  M.  Elie  de  Beaumont  has  pointed  out  the  differences 
that  exist  in  the  composition  of  the  ashes  thrown  out  from 
this  volcano,  and  from  Mount  Etna.  The  former  are  of  a 
dark  grey  colour,  composed  of  two  different  constituents,  one 
of  which  is  attacked  by  acids,  the  other  not.  The  portion 
dissolved  seems  to  consist  of  labradorite,  and  constitutes  about 
32  per  cent,  of  the  whole.  The  undissolved  part  occurs  in 
white  milky  grains,  and  consists  of  ryacolite  or  of  glassy  fel- 
spar. There  seems  to  be  but  little  difference  between  the 
nature  of  the  sand  or  ashes  ejected  in  the  former  eruption  of 
1797  and  in  that  of  1836,  or  in  that  of  the  sand  and  mud 
emitted  on  the  last  occasion. 

The  ashes,  on  the  contrary,  thrown  out  by  Mount  Etna, 
whether  in  1818,  1822  or  1832,  although  presenting  cer- 
tain minor  differences  in  their  characters,  seem  nevertheless 
equally  to  consist  mainly  of  labradorite  and  of  oxidulous 
iron. 

7.  Montserrat — a  solfatara,   emitting  abundant  vapours  of 

sulphuretted  hydrogen  from  fissures  in  all  parts  of  the 
mountain.  The  latter,  judging  from  Dr.  Nugent's  de- 
scription*, would  consist  of  trachyte,  made  up  of  fine 
porphyritic  lavas,  with  large  crystals  of  felspar  and  horn- 
blende, near  the  estate  called  Galloway^ Sy  often  much  de- 
composed by  the  sulphureous  exhalations. 

8.  Nevis  contains  crystalline  rocks  apparently  abounding  in 

felspar,  and  much  clay  probably  resulting  from  its  de- 
composition. 
It  possesses  a  solfatara  and  several  thermal  springs,  two  of 
which  are  noticed  by  Dr.  John  Davy  as  being  in  repute  for 

•  Geological  Transactions,  vol.  i. 
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their  medicinal  virtues.     The  teniperuture  of  the  water  In 
tbem,  just  where  it  issues  from  the  earth,  is  1  l(f '6  Fahr. 

A  coDsidemble  part  of  iU  solid  constituents  is  silica,  which 
Dr.  Davy  conceives  to  be,  in  this  instance,  held  in  solution 
by  carbonic  acid*. 

9,  St.  Christopher's.     The  most  elevated  mountain  in  the 

island.  Mount  Misery,  consists  of  trachyte,  and  possesses 
a  perfect  crater,  exhaling  sulphur.  There  was  a  great 
eruption  from  it  in  1692. 

10.  St.  Eustachia  contains  the  most  perfectly  preserved''crB- 
ter  in  the  Antilles,  called  from  its  form  the  Punchbowl. 
It  is  surrounded  by  puna  ice, 

The  3rd  class  comprehends  the  islands  of  Margarita,  Desi- 
radc,  Curasao,  Bonaire,  and  in  general  all  the  islands  of  low 
elevation ;  they  consist  entirely  of  coralline  Umestone  of  very 
recent  formation. 

The  4th  class,  partly  composed  of  volcanic  products  and 
partly  of  shelly  limestone,  comprises  the  islands  of  Antigua, 
St.  Bartholomew,  St.  Martin  and  St.  Thomas. 

Antigua  is  stated  by  Dr.  Xugentf  to  be  composed,  on  the 
north  and  east,  of  a  very  recent  calcareous  formation,  corre- 
sponding with  that  of  Guadeloupe,  in  which  an  admixture  of 
marine  and  freshwater  shells  is  found ;  subordinate  to  which 
rock  on  its  southern  limit,  we  find  extensive  masses  of  coarse 
chert,  full  of  casts  of  shells,  chiefly  Cerithia.  It  is  sometimes 
intermixed  with  marl. 

Beneath  these  beds  occurs  an  extensive  series  of  stratified 
rocks,  which  Dr.  Nugent  has  chosen  to  call  claystone  conglo- 
merate, but  which  seem  from  his  description  to  be  a  sort  of 
trachytic  breccia. 

The  rock  has  generally  an  argillaceous  basis,  with  minute 
crystals  of  felspar  imbedded,  and  possesses  a  remarkably  green 
tinge  from  the  numerous  spots  of  green  earth  intermixed. 

Its  brecciated  character  is  derived  from  the  fragments  of 

'  Sec  Dr.  John  Davy  in  the  Kd.  Phil.  Jnuin.  for  Julv  I84r. 
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silicified  wood^  chert,  ag&te,  jasper,  porphyry,  lava,  and  other 
substances  unbedded.  The  silicified  woods  are  particularly 
abundant. 

Respecting  the  remaining  islands,  I  possess  no  information 
that  can  be  relied  on,  and  it  is  much  to  be  wished  that  some 
geologist,  in  imitation  of  what  has  been  done  by  Humboldt 
on  the  American  continent,  and  by  Von  Buch  in  the  Cana- 
ries, would  present  us  with  a  detailed  account  of  the  physical 
structure  of  the  Antilles  collectively  considered. 

The  whole  of  the  volcanic  operations  above-described  ap- 
pear to  have  taken  place,  geologically  speaking,  at  a  very  re- 
cent epoch,  for  the  calcareous  beds  with  which  these  rocks 
are  associated  all  belong  to  a  period  when  the  shells  of  the 
present  ocean  were  already  in  existence. 

Hence  if,  as  Cortes  observes,  we  figure  to  ourselves  the 
condition  of  the  Minor  Antilles  before  the  elevation  of  the 
Corel  rocks  of  which  it  principaUy  consists,  we  shall  find  the 
whole  Archipelago  disappear,  excepting  a  few  primary  rocks 
occasionally  scattered  about. 

The  volcanic  islands  are  all  placed  in  one  series,  forming 
an  arc,  connecting,  by  means  of  its  two  extremities,  the  pri- 
mary mountain  range  of  Porto  Rico,  St.  Domingo,  and 
Jamaica  with  the  parallel  chain  of  the  Silla  in  the  Caraccas, 
and  the  connexion  between  the  latter  and  the  volcanos  of  the 
Antilles  was  fully  established  in  1812,  by  the  cessation  of  the 
earthquakes  on  the  mainland  so  soon  as  the  crater  of  St.  Vin- 
cent showed  symptoms  of  activity. 

Thus  if  the  parallel  lines  A  stand  for  the  primary  range ' 
of  the  Larger  Antilles ;  and  those  marked  C  for  the  chain  of 
the  Caraccas;  B  will  denote  the  position  of  the  volcanic 
islands  connecting  both. 
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CHAPTER  XXX 


VOLCANOS  OF  NORTH  AMERICA,  OH  ABOVB  THE  ISTHMUS 
OF  DARIEN. 


No  signs  of  volcanic  action  have  been  discovered  in  miy  part 
of  the  continent  of  North  America  above  the  tropic  of  Cancer, 
excepting  to  the  west  of  that  groat  dividing  ridge,  called  the 
Rocky  Mountains,  which  stretches  in  a  direction  north-west 
and  Bouth-eaat,  from  the  jVrctic  Sea  to  the  Isthmus  of 
Panama. 

This  lofty  system  consists,  so  far  as  it  has  been  yet  exa- 
mined, entirely  of  primary  formations ;  but  to  the  west,  and 
nearly  parallel  to  it,  is  a  distinct  group,  called  the  Far  West 
or  Sierra  Nevada  range,  which  rises  to  a  greater  height  even 
than  the  Rocky  Mountains  themselves  ;  the  pass  which  was 
crossed  by  Fremont*  in  one  of  his  exploring  expeditiouSj  in 
lat.  38°'44,  long.  120°'28,  being  no  less  than  9338  feet  above 
the  sea. 

This  latter  chain  runs  very  near  to  the  coast  with  which  it 
is  parallel ;  and  as  the  waters  that  accumulate  in  the  great 
longitudinal  valley  intenening  between  it  and  the  Rocky 
Mountains,  can  only  find  an  outlet  to  the  sea  in  the  few  spots 
where  a  gap  occurs  in  the  ridge,  as  for  instance  where  the 
Columbia  Hiver  flows  into  the  Pacific,  we  can  readily  un. 
derstand  the  paucity  of  large  streams,  as  well  as  the  existence 
of  extensive  lakes,  some  of  which,  as  that  of  Utah,  by  reason 
of  having  no  outlet,  are  salt  or  brackish. 

Now  volcanic  phenomena  appear  to  occur  abundantly  in 
many  parts  of  this  chain,  as  well  as  in  the  valley  to  the  east 
of  it. 

Beginning  as  far  north  as  latitude  fiO°,  we  find  (he  Mount 

'   Frrmniit,  Two  F.iploring  Kiprditions,  18J6. 
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St.  Elias^  probably  the  loftiest  eminence  in  the  northern  con- 
tinent of  America,  being  nearly  18,000  feet  above  the  sea, 
which  is  stated  to  be  an  active  volcano,  and  is  perhaps 
connected  with  the  chain  of  the  Aleutian  Islands  already 
alluded  to. 

Mount  Fairweather,  Cerro  de  Buen  Tiempo,  a  little  to  the 
south,  is  another  volcano  about  15,000  feet  in  height ;  and  to 
the  north,  volcanic  appearances  have  been  found  on  the  coasts 
of  Prince  William^s  Sound. 

Another  volcano,   in  lat.  57^*3,  has  been  recognized  by- 
Captain   Lisiansky;   it   is  called   Mount  Edgecumbe,   and 
consists  of  basaltic  porphyry  with  crystals  of  felspar,  whilst  its 
flanks  are  covered  with  pitchstone  and  pumice.     According 
to  Ernest  Hoffman  its  height  is  2853  feet. 

In  lower  latitudes  the  volcanic  action  seems  either  extinct 
or  more  languid.  Near  the  Utah  lake,  in  the  40th  parallel, 
are  the  Beer  Springs,  thermal  waters  strongly  impregnated 
with  carbonic  acid  gas,  and  hence  possessing  the  pungent 
taste  from  which  their  name  is  derived.  The  hottest,  called 
Steamboat  Spring,  has  a  temperature  of  85^.  Scoriform 
basalt  occurs  in  its  vicinity,  and  not  far  from  it  is  a  perfect 
volcanic  crater,  360  paces  in  circumference  and  sixty  feet  in 
depth,  with  every  indication  of  recent  fusion  in  the  rocks  of 
which  it  is  composed. 

Other  thermal  waters  occur,  associated  with  vesicular  trap, 
in  lat.  42^*55,  and  cause  ^  copious  deposition  of  calcareous 
matter.  Indeed,  within  the  valley  intervening  between  the 
two  parallel  chains  of  mountains,  volcanic  rocks  and  thermal 
springs  abound  between  the  38th  and  42nd  paraUel  of  lati- 
tude ;  and  in  one  of  the  chain  of  lakes  already  noticed  as 
existing  in  this  valley,  there  rises  a  pyramidal  mass  of  rock, 
probably  volcanic,  which  has  caused  it  to  be  distinguished  by 
the  name  of  the  Pyramid  Lake. 

In  the  peninsula  of  Old  California  there  is  a  chain  of 
mountains  forming  the  central  ridge,  and  called  Cerro  de  la 
Giganta  (from  4592  to  4920  feet),  which  appears  to  be  of  vol- 
canic origin ;  and  one  of  them,  the  Monte  de  las  Virgines,  is 
said  to  be  in  a  state  of  activity.  It  is  to  be  regretted  that 
we  know  as  yet  so  little  of  the  geology  of  this  part  of  the  con- 
tinent. 
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In  Mexico,  the  most  northern  poiot  in  which  any  signs  of 
volcanic  action  are  knowa  to  occur  is  near  the  toWD  of 
Durango,  in  lat.  24",  long.  104",  where  a  group  of  rocks 
covered  with  scoria;,  and  consisting  of  basaltic  amygdaloid, 
called  La  Brefia,  rises  in  the  midst  of  a  level  plain. 

On  the  summit  of  one  of  the  neighbouring  mountains  a 
regular  crater  was  discovered,  but  no  active  volcanos  are  to 
be  met  with  until  we  reach  the  parallel  of  the  city  of  Mexico 
itself,  where  almost  in  the  same  line  occur  five,  so  placed  that 
they  appear  to  be  derived  from  a  hssure  traversing  Mexico 
from  west  to  east,  in  a  direction  iierpendicular  to  that  of  the 
great  mountain  chain,  which,  extending  from  north-west  to 
south-east,  constitutes  the  great  table-land  of  the  American 
continent.  It  is  interesting  to  remark,  that  if  the  same 
parallel  hue  which  connects  the  active  volcanos  of  Mexico  be 
prolonged  in  a  westerly  direction,  it  would  traverse  the  group 
of  islands  called  the  Isles  of  Revillagigedo,  which  there  may 
be  reason  to  consider  volcanic  from  the  pumice  found  amongst 
them*. 

The  most  eastern  of  the  above  volcanos,  that  of  TuxUa,  is 
situated  a  few  miles  to  the  north-west  of  Vera  Cruz.  It  bad 
a  considerable  eruption  in  1793,  the  ashes  from  which  were 
carried  as  far  as  Perote,  a  distance  of  fifty-seven  leagues. 

In  the  same  province,  but  farther  to  the  west,  occur,  the 
volcano  of  Orizaba,  the  height  of  which  is  17,300  feet,  and 
the  Peak  of  Popocatepetl,  300  feet  higher,  the  loftiest  emi- 
nence in  New  Spain.  The  latter  is  continually  burning  t, 
though  for  several  centuries  it  has  thrown  nothing  up  from 
the  crater  but  smoke  and  ashes. 

To  the  west  of  the  city  of  Mexico  are  the  volcanos  of  Jorullo 
and  Colima.  The  elevation  of  the  latter  is  estimated  at 
about  9000  feet.  It  frequently  throws  up  smoke  and  ashes, 
but  has  not  been  known  to  eject  lava, 

The  volcano  of  Jorullo,  situated  between  Colima  and  the 
town  of  Mexico,  is  of  much  more  modern  date  than  the  rest, 
and  the  great  catastrophe  which  attended  its  first  appear- 

*  Sec  tbe  map  of  Mexico  which  accompanies  this  volume. 

t  Mr.  Bullock  has  called  in questionthisatalemenl  of  Humboldt'e  ;  but 
a  atrll  more  recent  traveller,  Mr.  Stapleton,  has  confirmed  it  (Bull,  des 
Scr.  for  September  IS25). 
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ance  is  perhaps  (says  Humboldt)  one  of  the  most  extra- 
ordinary physical  revolutions  in  the  annals  of  the  history  of 
our  planet*. 

Geology,  he  remarks,  points  out  parts  of  the  ocean  near  the  Azores, 
in  the  Egean  Sea,  and  to  the  south  of  Iceland,  where,  at  recent 
epochs,  within  the  last  2000  years,  small  volcanic  islands  have  risen 
ahove  the  surface  of  the  water ;  hut  it  gives  us  no  example  of  the  for- 
mation, from  the  centre  of  a  thousand  burning  cones,  of  a  mountun 
of  scoriae  and  ashes  1695  feet  in  height,  comparing  it  only  with  the 
level  of  the  adjoining  plains,  in  the  interior  of  a  continent,  thirty-six 
leagues  distant  from  the  coast,  and  more  than  forty-two  leagues  from 
every  other  active  volcano. 

A  vast  plain  extends  from  the  hills  of  Aguasarco  nearly  to  the 
villages  of  Teipa  and  Pelatlan,  both  equally  celebrated  for  their  fine 
plantations  of  cotton.  Between  the  Picachos  del  Mortero,  th^  Cerros 
de  la^  Cuevas  and  de  Cuiche,  this  plain  is  only  from  2400  to  2600 
feet  above  the  level  of  the  sea.  In  the  middle  of  a  tract  of  ground  in 
which  porphyry  with  a  greenstone  base  predominates,  basaltic  cones 
appear,  the  summits  of  which  are  crowned  with  vegetation,  and 
form  a  singular  contrast  with  the  aridity  of  the  plain,  which  has 
been  laid  waste  by  volcanos. 

nil  the  middle  of  the  last  century,  fields  covered  with  sugar-cane 
and  indigo  occupied  the  extent  of  ground  between  the  two  brooks 
called  Cuitimba  and  San  Pedro,  lliey  were  bounded  by  basaltic 
mountains,  the  structure  of  which  seems  to  indicate  that  all  this 
country,  at  ifvery  remote  period,  had  been  already  several  times  con- 
vulsed by  volcanos.  These  fields,  watered  by  artificial  means,  be- 
longed to  the  farm  of  Don  Pedro  di  JoruUo,  and  were  among  the 
most  fertile  in  the  country. 

In  the  month  of  June  1759  a  subterraneous  nobe  was  heard. 
Hollow  sounds  of  the  most  alarming  nature  were  heard,  accompanied 
by  frequent  earthquakes,  which  succeeded  each  other  for  from  fifty  to 
sixty  days,  to  the  great  consternation  of  the  inhabitants  of  the  farm. 
From  the  beginning  of  September  everything  seemed  to  announce 
the  complete  re-establishment  of  tranquillity,  when  in  the  night  of 
the  28th  and  29th  the  horrible  subterraneous  noise  recommenced. 
The  afifnghted  Indians  fled  to  the  mountains  of  Aguasarco.  A  tract 
of  ground  from  three  to  four  square  miles  in  extent  rose  up  in  the  shape 
of  a  bladder,  llie  bounds  of  this  convulsion  are  still  distinguiBhable 
from  the  fractured  strata. 

*  Nouvelle  Espagne,  p.  248,  fol.  ed. 
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i'he  aunexed  woodcat  vili  convey  some  idea  of  ihe  cAect  pro- 
duced. 

The  Malpaya  near  its  edges  it  only  tluitjr-n 
level  of  the  iilain,  called  Lot  Plcyat 
tie  Jonillo  ;  but  the  convexity  of  the 
ground  thus  thrown  up  increai^es  pro- 
gre«sively  towards  the  centre  to  an 
elevation  of  524  feet. 

Those  who  witnessed  this  great  ca- 
tutrophe  from  the  top  of  Aguaaarco 
assert,  that  flames  were  leen  to  issue 
forth  for  an  extent  of  more  than  half 
a  square  league,  that  fragments  of 
burning  rocks  were  thrown  to  prodi- 
gious heights,  and  that  through  a 
thick  cloud  of  Hshes,  illumined  by  vol- 
canic fire,  the  softened  surface  of  the 
earth  was  seen  to  swell  up  like  an  , 
agitated  sea.  The  rivers  of  Cuitimba  : 
and  San  Pedro  precipitated  themselves  : 
into  the  burning  chasms.  'ITie  decom- 
position of  the  water  contributed  to  ; 
invigorate  the  flames,  which  were  di-  ' 
stiuguishable  at  the  city  of  Pascuaro, 
though  situated  on  over>' extensive  table- 
land -J  J!)3  feet  ahovt  the  i)lu;ri^  of  l.ii- 
Playas  de  Jonillo.  Eruptions  of  riiuJ. 
and  especially  of  strata  of  clHy,  cini--  ' 
loping  balls  of  deconiposed  bnsnlt  in 
conceiilrical  layers,  upjiear  to  indictiti: 
that  subterraneous  water  had  no  small 
share  in  producing  this  e.xtraordiniiri' 
revolution.  Tliousanda  of  small  cones, 
from  six  to  ten  feet  in  height,  cnlhd 
by  the  natives  oufns  (Hornitos),issuoJ 
forth  from  tlie  Malpnys.  Although, 
according  to  the  testimony  of  the  In- 
diaus,  the  heat  of  these  vulcanic  ovens 
has  suffered  a  great  diminution  during 
the  last  fifteen  years,  I  have  seen  the 
thermometer  rise  to  212°  on  being 
jilunged  into*  fissures  which  exhale  au 
ai|ueuus  vapour.      Each  «mall  coiii;  is 
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\fmnarole,  from  which  a  thick  vapour  ascends  to  the  height  of  from 
twenty-two  to  thirty-two  feet.  In  many  of  them  a  inbteiTaneous 
noise  is  beard,  which  appears  to  announce  the  proximity  of  a  fluid  in 
ehnllition. 

In  the  midst  of  the  ovens  «x  Urge  maeses,  elevated  from  300 
to  1600  feet  each  above  the  old  level  of  the  plains,  sprung  up 
from  a  chasm,  of  which  the  direction  is  ftom  N.N.B.  to  S.S.W. 
This  is  the  phenomenon  of  the  Monte  Nuovo  of  Naples,  several 
times  repeated  in  a  range  of  volcanic  hills.  The  most  elevated  of 
these  enormous  masses,  which  remind  us  of  the  Fuys  in  Auvergne, 
is  the  great  volcano  of  Jorullo.  It  is  continually  burning,  and  has 
thrown  up  from  its  north  side  an  immense  quantity  of  scorified  and 
basaltic  lavas,  containing  fragments  of  primitive  rocks.  These  great 
eruptions  of  the  central  volcano  continued  till  the  month  of  February 
1760.     In  the  following  years  they  became  gradually  less  frequent. 

The  following  woodcut  is  reduced  from  the  engraving  in  Hum- 
boldt's '  Atlas  Pittoresque,'  intended  to  illustrate  the  general  aspect 
of  this  remarkable  locality. 


The  Indians,  frightened  at  the  horrible  noises  of  the  new  volcano, 
abandoned  at  first  all  the  villages  situated  within  seven  or  eight 
leagues'  distance  of  the  Playaa  de  JonUlo.  They  became  gradually 
however  accustomed  to  this  terrific  spectacle  ;  and  having  returned 
to  their  cottages,  they  advanced  towards  the  mountains  of  Agua- 
sarco  and  Santa  Ines,  to  admire  the  streams  of  fire  discharged  from 
an  infinity  of  small  volcanic  apertures  of  various  sizes.    The  rooft  of 


the  liuu^ca  at  QuereUro,  at  a  distaoce  of  mure  than  Taitj-eiglkt 
league*  io  a  straight  line  from  the  tceae  of  the  explouoii,  were  &t 
that  time  covered  with  ashe^. 

Although  the  subteiraneouH  fire  now  iip]ieai'»  fur  from  violent,  and 
the  Malpays  ami  the  groat  volcano  begin  to  be  covered  with  vegeta- 
bles, we  nevertheless  found  the  ambient  air  heated  to  such  a  degree 
by  the  action  of  the  small  ovcdb  {Hornitot),  that  the  thermometer  at 
a  greet  distsDce  above  the  ground,  and  in  the  shade,  rose  as  high  aa 
109"  of  Fahrenheit.  This  fact  proves  that  there  is  no  exaggeration  in 
the  accountH  of  several  Indians,  who  affirm  that  for  many  years  after 
the  first  eruption,  the  plains  of  Jorullo,  even  at  a  great  distance  from 
the  ground  which  had  been  thrown  up,  were  uninhabitable,  from  the 
excessive  heat  which  prevailed  in  them. 

The  traveller  is  still  shown,  near  the  Cerro  de  Santa  Ines,  the 
rivers  of  Cuitimbu  and  San  Pedro,  the  limpid  waters  of  which  for- 
merly watered  the  sugar-cane  plajitatioos  of  Don  Andre  Pimentel. 
These  streams  disappeared  in  the  night  of  the  29th  of  September 
1759  ;  but  at  a  distance  of  G500  feet  farther  west,  in  the  tract  which 
waa  the  theatre  of  the  convulsion,  two  rivers  are  now  seen  burstjng 
through  the  argillaceous  vault  of  the  Uorniloa,  which  make  their 
appearance  as  warm  springs,  raising  the  thermometer  to  126^  of 
Fahrenheit. 

The  Indians  continue  to  give  them  the  names  of  San.  Pedro  and 
Cuitimba,  because  in  several  parta  of  the  Malpays  great  masses  of 
water  are  heard  to  run  in  a  direction  from  east  to  wett,  from  tlte 
mountains  of  Santa  Ines  towards  FHacienda  de  la  Presentacion. 
Near  this  habitation  there  is  a  brook  which  disengages  sulphuretted 
hydrogen.  It  is  more  than  twenty-three  feet  in  breadth,  and  is  the 
most  abundant  hydro- sulphureous  water  which  1  have  ever  seen*. 

Mr.  Burkartt,  who  has  visited  Jorullo  more  recently,  con- 
firms in  general  the  above  statements;  but  informs  us  that 
the  ^ormVos  or  httic  cones,  in  the  internal  of  twenty-four  years 
which  has  elapsed  since  Humboldt's  visit,  have  either  entirely 

■  Mr.  Poulett  Scrope,  Mr.  Lyell,  and  others,  have  questioned  the  cor- 
rectness of  the  representation  which  Humboldt  has  given  of  the  above  phae- 
noiQcna,  but  without,  as  1  conceive,  being  able  to  substitute  any  more 
plausible  hypothesis.  Mr.  Scrope's  view  of  the  nature  of  lava  and  tra- 
chyte is  indeed  too  unchemiral  to  reiguire  any  detailed  notice,  and  the  ob- 
jections of  the  other  opponents  will  be  best  considered  in  a  future  chapter, 
when  the  general  question  of  the  elevation  of  volcanic  mountains  will  come 

t  Aufenihalt  und  Reisen  in  Mexico  in  182riUTia  1834.  Stuttgard*,  ISaC. 
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disappeafed,  or  hiive  completely  changed  their  form.  Very 
few  of  them  indicate  a  highet  teiiiperature  than  that  of  the 
surrounding  atmosphere^  aild  hardly  any  of  them  evolve 
vapour.  Near  the  edge  of  the  upheaved  ground  the  small 
cones  are  chiefly  composed  of  loose^  and  often  porous  basaltic 
lava,  containing  much  olivine  in  grains,  but  more  rarely  con- 
cfaoidal  augite. 

The  five  active  volcanos  just  noticed  appear  to  be  connected 
by  a  chain  of  intermediate  cones  running  in  a  parallel  direc- 
tion, and  exhibiting  evident  indications  of  a  sitnilar  origin. 

Thus  Orizaba  is  connected  with  Popocatepetl  by  the  Coflre 
de  Perote,  and  with  Jorullo  by  the  extinct  volcano  of  Mexico, 
otherwise  called  Iztaccihuatl ;  and  the  geological  structure  of 
these  and  all  the  other  lofty  mountains  that  rise  above  the 
table-land  of  Mexico  on  the  dame  parallel,  ieippears  to  be  the 
same,  they  being  composed  of  trachyte,  from  apertures  in 
which  the  existing  volcanos  act*. 

Central  America. 

In  the  provinces  of  Guatemala  and  Nicaragua^  bel6Aging  to 
the  present  republic  of  Central  America,  which  lie  betwixt 
Mexico  and  the  Isthmus  of  Darien,  the  volcanos,  instead  of 
being  placed  nearly  at  fight  angles  to  the  Cordilleras,  ruti 
paralki  to  that  chain. 

There  is  perhaps  no  part  of  the  world  wh6re  so  tnaAJr 
activi^  Veiits  lie  within  a  short  compass,  coupled  also  with  so 
large  a  nuihber,  which,  although  extinct,  seem  to  belohg  to 
the  same  period  in  the  history  of  our  planet. 

Humboldt  t  enumerates  thirty-five,  either  of  one  or  the 
other  kifid,  and  Von  Buch|  considers  as  many  as  twenty- 
eight  of  these  as  belonging  to  the  class  of  active  vents. 

They  are  all  situated  between  latitudes  16°  and  10®;  the 
most  northern  being  the  volcano  of  SoeonuscO,  situated  north 
of  the  lake  of  Atitlan  ;  the  most  Southern  that  of  IQarua,  near 
the  Gulf  of  Dulce,  considerably  below  the  great  lake  of  Nica- 

*  Huttiboldt,  Qisscment  des  Roches,  327. 

t  Volcanos  of  Guatemala,  Phil.  Magazine  fot  1827$  translated  A-om  the 
'Hertha.' 

I  Canary  Islands. 
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ragua.  They  are  all  near  the  sea,  and  run  in  a  line  parallel 
with  the  coast.  There  is  an  iaterval  of  more  than  600  miles 
between  the  most  northern  of  these  volcanos  and  that  of 
Colima  in  Mexico,  a  granitic  range  of  mountains  in  the  pro- 
vince of  Oaxaca  intervening. 

Neit  to  the  volcano  of  Soconusco  is  that  of  AroilpiS,  which  smokes 
but  seldom,  and  consists  of  two  distinct  peak*. 

3.  Sapotitlan. 

4.  Tajamolca  or  Quesaltenan^. 

5.  Atitbn,  sovitli  of  the  ^reat  lake  of  that  name,  the  four  pre- 
ceding voIcanoE  being  north  of  it.  A  lofty  mountaJD  constantly 
emitting  smoke. 

6.  7.  Tollman  and  Acatensnzo,  not  known  however  to  he  active 
vents,  perhaps  only  peaks  of  trachyte. 

8,  9,  10,  The  three  volcano*  near  the  city  of  Guatemala  ;  two  of 
them  styled  the  ^'olcanos  de  Fuego,  as  they  throw  out  smoke;  the 
third,  the  Volcano  de  Agua,  which  only  ejects  water. 

The  two  Volcanos  de  Fuego  are  distinguished  by  the  namea  of  the 
volcano  of  Pacaya,  and  the  volcano  of  Guatemala.  The  volcano  of 
Pacaya  has  had  eruptions  in  I36o.  1651,  1664,  1668,  1671,  1677, 
and  1775,  emitting  pumice,  sand  and  scoriie,  together  with  streams 
of  lavn.  The  volcano  of  Guatemala  is  iti  the  shape  of  a  beautiful  cane, 
though  somewhat  disfigured  by  several  hills  of  scorite,  the  remains  o( 
lateral  eruptions.  For  the  last  century  it  has  only  emitted  amoke 
and  flame;  but  between  \'iS\  and  1737  eight  several  eruptions  of  it 
are  on  record. 

The  Volcan  di  Agua  (Water- Volcano)  is  of  enormous  height, 
being  covered  with  eternal  snow,  in  the  latitude  of  1 4°.  Capt.  Basil 
Hall  estimates  it  at  more  than  14,000  feet,  but  a  recent  traveller 
states  it  at  12,600.  It  has  the  form  of  a  blunted  cone  clothed  with 
perpetual  verdure  to  its  summit.  The  crater  is  from  forty  to  sixty 
yards  in  depth,  and  about  150  in  diameter. — the  sides  and  bottom 
strewed  with  masses  of  rock,  apparently  showing  the  effects  of  boiling 
water  or  of  fire. 

By  a  deluge  of  water  from  this  volcano  in  1527,  the  original  city 
of  Guatemala  was  overwhelmed  ;  and  the  next  built,  called  the  Old 
City,  La  Antigua,  was  ruined  by  an  earthquake  in  1 773.  The  present 
capital  is  situated  at  a  distance  of  eight  leagues  from  the  mountain. 

1 1 .  Isalco  or  Sonsonatc.  a  mountain  three  leagues  from  the  town 
of  that  name,  frequently  active.  The  most  considerable  eruptions 
occurred  in  1798,  and  from  1805  to  1807,     Itijivesout  abundance  of 
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ammonia,  in  what  state  of  combination  does  not  appear,  probably  as 
a  muriate. 

12.  Apaneca,  ten  leagues  from  Sonsonate,  perhaps  extinct. 

13.  St.  Salvador,  near  the  town  of  that  name,  is  also  very  active. 

14.  S.  Vincent  had  an  eruption  in  1835,  which  destroyed  several 
towns  and  villages. 

15.  S.  Miguel  Bosotlan,  near  the  town  of  the  same  name,  very 
active. 

16.  17, 18,  19,  lie  between  the  city  of  Leon  and  the  Gulf  of  Ama- 
palla,  viz. :  — 

16.  Guanacaure,  at  the  bottom  of  the  gulf. 

17.  Cosiguina,  or  Gilotepe,  near  the  same  locality,  which  had  an 
eruption  in  1835. 

Col.  Galindo,  in  the  '  Geographical  Journal/  vol.  v.,  and  Mr. 
Caldcleugh,  in  the  •  Philosophical  Transactions'  for  1836,  have  re- 
corded, in  terms  which  would  have  been  almost  applicable  to  the 
great  eruption  which  overwhelmed  Pompeii,  the  awful  obscurity  of 
the  sky,  which  continued  for  forty- three  hours  consecutively ;  the 
vast  showers  of  dust  and  pumice  which  enveloped  every  object  over 
an  extended  area ;  the  noise  like  that  of  artillery  which  accompanied 
the  eruption ;  the  melancholy  howling  of  beasts ;  the  flocks  of  birds 
of  all  species  that  came  into  the  town,  to  seek  protection,  as  it 
were,  from  man. 

Amongst  the  physical  changes  induced,  he  mentions  a  primaeval 
forest  having  disappeared — two  new  islands  formed,  one  800  yards, 
the  other  200  yards  long,  consisting  of  pumice,  earth,  and  pyrites, 
with  a  coppery  smell— shoals  produced  in  the  sea,  in  one  of  which  a 
large  tree  is  fixed  with  its  roots  upwards — the  river  Chiquito,  which 
ran  towards  the  north-west,  being  completely  choked  up — and  an- 
other river  six  yards  broad  having  sprung  up,  which  flows  in  the  oppo- 
site direction  to  the  former. 

Tlie  British  vessel  Conway,  cruising  in  la t.  7°,  long.  105°,  met  with 
the  same  clouds  of  dust,  apparently  consisting  of  pumice,  with  many 
fragments  also  of  the  same  stone  floating  through  a  space  of  nearly 
forty  miles  from  north  to  south.  The  dust  has  been  examined  by 
Elie  de  Beaumont,  who  found  only  ten  per  cent  of  it  to  consist  of 
labradorite,  the  rest  being  ryacolite*^. 

18.  Volcano  del  Viejo,  near  the  same  spot,  9000  feet  high,  is 
constantly*  smoking. 

19.  Telica,  six  leagues  from  Momotorobo,  is  also  in  a  state  of 
constant  activity. 

*  Comptes  Rendus  for  1837. 

2  I  2 
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20.  Momotorobo,  a  very  lofty  mountain  between  the  city  of  LeoD 
and  tbe  lake  of  Nicaraguo,  which  only  emite  smoke. 

21,  Masaya,  near  the  lake  of  that  name,  was  one  of  the  most 
active  rentB  at  the  time  of  the  first  discovery  of  the  eouutiy.  The 
Spaniards,  says  Jueutus,  call  it  IIt;il,  Its  flames  were  visible  twenty- 
five  miles  off.  Its  crater  was  only  twenty  or  thirty  paces  in  dia- 
meter ;  hut  the  melted  lava  "  seethed  and  rolled  in  waves  as  high  as 
lowers-"  A  story  is  told  of  a  Dominicsn  who  imagined  the  fluid  lava 
was  melted  gold,  and  desrended  into  the  crater  with  an  iron  ladle  to 
carry  some  away  ;  hut  the  ladle,  it  is  said,  melted,  and  the  moak 
eacui^ed  with  difficulty.     It  is  now  tranquil. 

23.  Bombacho,  an  elevated  mountain  near  the  town  of  Grenada, 
which  only  emits  smoke. 

23.  Sapalocft,  on  the  lake  of  Nicaragua,  opposite  the  preceding. 
It  is  probably  the  siune  with  that  which  Matte  firun,  on  the  authority 
of  Gomara,  '  Historia de las  Indias,'  calls  Omo,  which  be  says  alway> 
continues  burning,  and  which  our  sailors  call  the  Devil's  Moutb 
from  this  reason.  (Scrope.  p.  7.) 

24.  Papagayo,  tbe  same  probably  as  Orosi,  stated  by  Rouhuilt  te 
be  9255  feet  high. 

25.  Mirabeles,  east  of  Rincun  de  la  Vicga. 

26.  Tenorio. 

27.  Seropelas. 

28.  Zapan/BS,  nine  leagues  from  the  port  of  Vdas, 

29.  Votos.  above  the  town  of  Alajuela,  9235  feet  in  height. 

30.  Villa  Vieja.  north  of  the  city  of  that  name. 

31.  Cartago.  near  the  town  of  that  name,   10.774  feet  in  height. 

32.  Barua.  at  the  bottom  of  the  Golfo  Dulce. 
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CHAPTER  XXXI. 

VOLCANOS    OF    SOUTH    AMERICA,    OR    SOUTH    OF   THE 

ISTHMUS  OF  DARIEN. 

General  character  of  the  Volcanos  of  South  America — those  of  Quito— 
of  Peru — Bolivian  Andes  plutonic — Cordilleras  of  the  coast  volcanic 
—  Chili  —  Patagonia — Tierra  del  Fuego  —  South  Shetland  —  General 
remarks. 

The  volcanos  we  are  now  about  to  consider  are  distinguished 
from  those  that  most  commonly  meet  the  eye  in  Europe,  not 
only  by  their  gigantic  proportions,  but  also  by  their  general 
conformation  and  their  mineralogical  characters. 

We  have  indeed  described,  as  existing  in  Mexico  and  Gua- 
temala, volcanos  nearly  rivalling  them  in  point  of  elevation^ 
and  equally  distinguished  by  their  pyramidal  forms,  as  well 
as  by  being  made  up  of  one  uniform  description  of  rock,^  and 
not  of  alternating  beds  of  lava  and  scoriae ;  but  these  charac-- 
ters  are  to  be  met  with  occasionally  amongst  the  volcanos  of 
the  old  world  also,  and  are  not  stated  to  be  accompanied,  in- 
the  case  of  the  Mexican  volcanos,  with  any  peculiar  minera- 
logical composition. 

In  the  Andes,  on  the  other  hand,  we  observe  a  long  range 
of  conical  mountains,  forming  some  of  the  highest  eminences 
on  the  face  of  the  globe,  often  destitute  of  craters,  rarely 
pouring  forth  any  streams  of  lava,  but  emitting  from  their 
summits  only  steam  and  aeriform  fluids,  whilst  the  material 
of  which  they  are  composed  is  that  peculiar  description  of 
felspathic  rock,  which  Henry  Rose  has  distinguished,,  front 
the  circumstance  of  its  occurring  in  South  America,  hj  the 
name  of  andesite. 

No  wonder  that  Humboldt,  the  great  and  principal  explorer 
of  these  extensive  regions,  should  have  felt  himself  pri^leged 
to  protest  against  theories  founded  only  upon  an  observatioa 
of  the  puny  volcanos  of  Italy,  and  with  a  pardonable  feeling 
of  exultation  at  the  wider  field  of  induction  which  his  own 
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superior  opportniiiticKoffureigatravel  had  atTurded  hiui,shoutcl 
have  compared  t,he  geologist  who  ima^iied  all  the  eruptive 
rocks  throughout  the  globe  to  be  moulded  according  to  the 
model  of  those  he  n-as  familiar  with  in  Europe,  to  the  shepherd 
in  Vir^l,  who  supposed,  in  the  Bimpticity  of  his  heart,  his 
own  little  hamlet  to  contain  within  itself  the  image  of  im- 
perial Rome. 

I  have  already  stated,  that  andesite  is  a  rock  composed  of 
crystals  of  albite,  dispersed  through  a  crystalline  base  of  a 
darkish  colour.  Nevertheless,  ia  that  which  is  regarded  more 
strictly  entitled  to  the  name,  the  mass  has  a  white  colour,  and 
B  friable  texture,  arising  from  the  predominance  of  the  fel- 
spathic  portion,  which  ia  an  admixture  of  albite  and  labra- 
dorite.  Hence  it  may  be  regarded  ns  the  connecting  link 
between  the  felspnthic  rocks  wilh  one  and  with  three  atoms  of 
silica,  the  granitic  and  the  trachytic  series.  With  this  felspar 
are  associated  crystals  of  hornblende,  and  sometimes  of  augite, 
whilst  glassy  felspar  is  found  more  rarely.  WTien  these  pre- 
dominate, the  rock  may  be  called  a  diorite. 

It  is  probable  that  this  substance,  in  conjunction  with  true 
trachyte,  constitutes  the  greater  part  of  the  volcanic  mountmns 
destitute  of  craters  that  occur  in  South  America.  It  varies 
however  in  different  localities.  Thus  the  summit  of  Chim- 
bora^o  consists,  according  to  Humboldt,  of  a  semi-vitreous 
variety,  with  a  basis  like  pitchstone,  destitute  of  hornblende, 
but  rich  in  augite,  and  possessing  a  schistose  structure.  Abich 
finds  its  specific  gravity  2-CA6,  and  the  per-centage  of  silica 
67  ;  but  he  states  that  hornblende,  as  well  as  augite,  are  pre- 
sent in  it.  Cotopaxi  and  Antisana  both  consist  of  andesite, 
with  a  predominance  of  albite  and  minute  crystals  of  horn- 
blende, in  a  dark  grey,  compact  basis  attracting  the  magnet. 
But  a  lava-stream  that  has  flowed  from  the  crater  of  the 
latter  is  intermediate  between  basalt  and  pitch  stone.  Pichincha 
is  composed  of  a  black  variety  of  the  same  rock,  resembling 
in  its  appearance  pitchstone,  in  which  ~2-9  per  cent,  is  albite, 
17  or  18  augite  and  hornblende. 

With  respect  to  the  geogrnpliical  position  of  tlie  mountains  in 
which  this  variety  of  felspar  predominates,  it  may  be  stated  that  the 
first  indications  of  them,  south  of  the  Isthmus  of  Parien,  occur 
between  the  second  and  tliird  parallel  of  north  latitude. 
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Hence  there  is  an  interval  of  nearly  six  degrees  between  the  most 
Bouthem  of  the  volcanos  of  Guatemala,  that  of  Barua,  and  the  most 
northern  of  those  in  Quito,  namely  that  of  Rio  Fragua,  situated  to 
the  east  of  the  sources  of  the  Magdalena,  which  is  said  to  be  emitting 
vapours  continually. 

Next  to  this,  in  latitude  4°*  35,  is  the  Peak  of  Tolima,  to  the  west 
of  Santa  F^  de  Bogota,  measured  by  Humboldt  in  1801,  and  found 
to  be  2865  toises  in  height,  being  the  loftiest  summit  north  of  the 
Equator.  It  appears  only  to  emit  from  its  summit  steam  and  gases, 
consisting  of  a  small  quantity  of  carbonic  acid,  but  more  sulphuretted 
hydrogen.  It  is  remarkable  for  its  distance  from  the  sea,  which  is 
forty  leagues  off,  as  it  lies  in  the  central  of  the  three  chains  which  tra- 
verse New  Granada  from  north  to  south.  Roulin  found  records  of  an 
eruption  which  took  place  from  it  in  1595,  and  it  appears  to  have 
returned  to  a  state  of  activity  in  1826.  Boussingault  relates,  that 
on  the  16th  November  1827  the  whole  of  New  Granada,  over  an 
extent  of  more  than  30,000  square  leagues,  was  violently  agitated, 
loud  detonations  were  heard  in  the  vallev  of  Cauca  at  intervals  of 
thirty  seconds,  and  frequent  rents  occurred  in  the  soil,  from  which 
gases  were  emitted.  The  rivers  Magdalena  and  Cauca  were  im- 
pregnated with  a  muddy  matter,  smelling  strongly  of  sulphuretted 
hydrogen.  This  also  appears  to  be  emitted  in  the  neighbourhood, 
though  accompanied  with  a  larger  proportion  of  carbonic  acid,  for 
the  gas  which  escaped  from  fissures  in  the  mica-slate  formation 
from  which  the  volcano  was  protruded,  consisted  of 

Carbonic  acid  ...  94 
Sulph.  hydrogen  .  .  1 
Atmospheric  air      .     .     5 

3.  The  volcano  of  Purac^,  east  of  Popayan.  15,985  feet  above 
the  sea ;  a  truncated  pyramid,  composed  on  the  summit  of  obsidian. 

4.  Sotara,  south-east  of  Popayan,  also  rising  above  the  level  of 
perpetual  snow. 

5.  Pasto,  west  of  the  town  of  that  name,  in  lat.  1^*13  north.  Its 
height  is  1 2,621  feet.  It  is  continually  emitting  smoke  from  its  crater, 
in  the  bottom  of  which  is  a  lake,  and  on  its  borders  a  dome  entirely 
composed  of  sulphur,  although  the  fumaroles  exhale  nothing  but 
pure  carbonic  acid. 

6.  Azufral,  situated  a  little  further  to  the  south  in  the  same 
chain. 

7.  8.  Cumbal  and  Chiles,  two  volcanos  almost  immediately  under 
the  Equator,  and  constantly  covered  with  snow.  Cumbal  rises  to  the 
height  of  14,717  feet  above  the  sea. 
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9.  fmbuburu,  near  the  town  of  Ibarra,  a  volcanu  which  ii 
poured  fortli  a  large  quautily  of  niuU  accompanied  with  bo 
dead  &eli,  that  putrid  fevera  were  engendered  by  the  etUuvia. 

10.  Pichincha,  or  Rueu  Pichincha*.  17.64't  feet  in  beight,  is  situ- 
ated eleven  mil^s  in  a  straight  line  W.N.W.  from  Quito.  It  con- 
taiiu  two  fnmi el- shaped  craters,  appareutly  resulting  from  two  sets 
of  eruptions  ;  the  weslem  nearly  circular  and  funnel- sbajwd,  baviDg 
in  its  centre  a  cone  vf  eruption,  from  the  summic  and  »ides  of  which 
are  no  leee  than  seventy  veots,  some  in  Bctivity  and  others  extinct, 
exhaling  sulphuretted  hydrogen  and  sulphureous  acid  gaaea,  to> 
getber  with  vaat  columns  of  black  amoke.  The  only  eolid  subetanoe 
ejected  of  late  is  pumice,  and  it  is  probable  that  the  larger  number 
of  the  vents  were  produced  at  periods  anterior  to  liiEtory.  The 
eastern  crater  appears  to  be  still  more  ancient,  containing  no  tracea 
of  ftimarolee.  Previous  to  1539,  Pichincha  was  not  knonii  to  be 
volcanic  -.  but  in  that  year,  in  1577,  1587,  and  1 G60,  eruptions  hare 
isaued  from  the  existing  cone,  and  it  was  in  full  activity  in  1831. 

11.  Aniisana,  17,956  feet  iu  height,  the  only  volcano  in  Quito 
where  Humboldt  observed  anything  analogous  to  a  current  of  lava, 
which,  as  above  stated,  had  much  of  the  character  of  obsidian. 
Pumice  and  pitchetone  are  also  seen  on  the  slopes  of  the  mountain. 

12.  Guachamayo,  at  tlie  eastern  foot  of  the  chain,  not  far  from 
the  sources  of  the  Rio  Napo. 

13.  Sinchulagu  had  an  eruption  in  I66O1  it«  height  is  15,420 
feet. 

14.  Cotopaxi,  one  of  the  loftiest,  as  well  as  the  most  active  of 
the  volcanos  of  Quito.  Itisl7,(j62  feet  high,  and  since  1742  has 
been  almost  in  constant  agitation,  often  pouring  forth  torrents  uf 

15.  Carguairazo,  14,70C  feet  in  height,  a  mountain,  the  summit 
of  which  fell  in  on  the  19th  of  June  1698,  and  at  the  same  time 
gave  out  such  torrents  of  mud,  that  the  country  for  four  square 
leagues  round  was  covered  with  it.  Iinmense  numbers  of  small  fish 
(Pimclodes  Cyclopum)  were  washed  down  enveloped  in  the  mud. 

This  volcano  is  fituatcd  in  the  immedinte  vicinity  of  Chimboraf  o, 
a  mountain  until  lately  considered  the  loftiest  in  the  Andes,  being 
21,100  feet  in  height,  and  though  not  an  active  volcano,  composed 
of  volcanic  materials. 

Humboldt  made  an  ineffectual  attempt  to  reach  its  summit,  at- 
taining however  the  height  of  18,097  Paris  feet,  and  more  recently 
Boussingauit,  in  company  with  Colonel  Hall,  accomplished  the  ascent 

•    QuarlciK  .Inuin,  of  the  Gcol.  Soc.  No.   10. 
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so  far  as  the  foot  of  the  prismatic  mass  of  trachyte,  whose  upper  sur- 
face, covered  by  a  dome  of  snow,  forms  the  summit  of  Chimbora90, 
— an  eleration  of  6004  metres  (19,513  feet),  the  greatest  which  man 
had  hitherto  attained  on  mountains. 

The  whole  of  this  enormous  mass  of  rock  appears  to  be  of  one 
uniform  composition,  nor  is  there  the  least  vestige  either  of  a  crater, 
or  of  strata  of  lava  and  ejected  materials  making  a  part  of  its  fabric. 

Humboldt  calls  the  rock  an  augite  porphyry,  consisting  of  labra- 
dorite  and  augite,  but  Von  Buch  considers  it  an  andesite,  composed 
of  white  crystals  of  albite  and  hornblende ;  and  Abich  infers,  from  a 
specimen  brought  by  Humboldt  from  a  height  of  15,180  feet,  that  it 
is  a  true  andesite,  although  the  basis  of  the  rock,  which  is  of  albite, 
includes  pretty  large  crystals  of  apparently  glassy  felspar,  together 
with  hornblende,  augite,  and  magnetic  iron. 

16.  Tunguragua,  in  lat.  1^*41  south,  15,471  feet  in  height. 

17.  Sangay,  in  lat.  1°*45  south,  16,080  feet  in  height,  is  con- 
stantly disengaging  vapours,  and  in  1 742  emitted  flames  from  its 
crat^. 

Such  then  is  the  series  of  volcanos  couaprised  between  the 
Becond  parallel  of  north  and  the  second  of  south  latitude  in 
the  present  republic  of  Columbia^— so  numerous  and  so  near 
one  to  the  other^  that  Humboldt  conceives  that  the  high  land 
of  Quito^  together  with  the  neighbouring  chain  of  moun- 
tains^ constitutes  one  single  swollen  mass,  an  immense  vol- 
canic wall,  stretching  from  south  to  norths  the  crest  of  which 
exhibits  a  surface  of  more  than  600  square  leagues.  Coto- 
paxi,  Tunguragua^  Antisana^  and  Pichincha,  are  placed  on  this 
immense  vaults  and  are  to  be  considered  rather  as  the  dif- 
ferent summits  of  one  and  the  same  volcanic  mass^  than  as 
distinct  mountains.  The  fire  finds  a  vent  sometimes  from 
one^  sometimes  from  another  of  these  apertures.  ^^  The  ob- 
structed craters  appear  to  us  to  be  extinguished,  volcanos ; 
but  while  Cotopaxi  and  Tunguragua  have  only  one  or  two 
eruptions  ijoi  the  course  of  a  century,  we  may  presume^  that 
the  fire  is  not  less  continually  active  under  the  town  of  Quito^ 
under  Pichincha  and  Imbaburu  *.*^ 

The  connexion  of  the  volcano  near  the  town  of  Pasto  with 
those  of  the  province  of  Quito  was  shown  in  a  striking  manner 
in  1797.     A  thick  column  of  smoke  had  proceeded  ever  since 

*  Personal  Narrative,  vol.  iv.  p.  29,  Eng.  Tr. 
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the  month  of  November  I'SC  from  the  voloaoo  of  Pasta, 
but  to  the  great  surprise  of  the  inhabitants  of  the  city  of  that 
name,  the  smoke  suddenly  disappeared  on  the  4th  of  Feb. 
1797.  This  was  precisely  the  moment  at  which,  sixty-five 
leagues  further  south,  the  city  of  Riobamba,  near  Tungu- 
ragua,  was  destroyed  by  a  tremendous  earthquake. 

Vokanos  0/  Peru. 

The  main  chain  of  the  Andes  pursues  its  course  in  one 
uninterrupted  line  along  the  coast,  from  the  high  land  of 
Quito  to  Peru,  and  until  it  reaches  the  latitude  of  about  15°, 
appears  to  be  destitute  of  recent  volcanos. 

Here  however,  a  little  above  the  parallel  of  Arequtpa,  a 
bifurcation  takes  place,  one  portion  of  the  chain  still  pro- 
ceeding in  a  direction  nearly  parallel  to  the  coast,  the  other 
sweeping  at  first  round  to  the  east,  then  proceeding  south- 
wards for  about  400  miles,  and  afterwards  near  the  famous 
city  of  Potosi  bending  westwards,  so  as  to  meet  the  main 
chain  about  the  twentieth  parallel  of  latitude. 

Hence  these  two  ridges  include  an  immense  alpine  valley, 
that  of  Deaaguadero,  which  lies  13,000  feet  above  the  level 
of  the  sea,  entirely  bounded  by  mountains,  and  having  no 
outlet  towards  the  Pacific. 

In  the  northern  extremity  of  it  lies  the  vast  lake  of  Titicaca, 
occupying  an  area  of  almost  4000  geographical  square  miles, 
the  islands  and  shores  of  which  may  be  regarded  as  the 
cradle  of  Peruvian  civilization*. 

Now  the  colossal  mountains  which  rise  to  the  north-east 
of  the  lake  of  Titicaca,  form,  according  to  M.  D'Orbigny,  a 
distinct  class,  to  which  he  has  given  the  name  of  the  Bolivian 
system  f.  The  ridges  of  which  it  consists  are  composed  of 
highly  inclined  beds  of  Silurian,  Devonian,  carboniferous,  and 
triassic  rocks.     But  the  axis  of  the  chain  is  of  granite,  which 

•  It  was  here,  according  to  tlie  tradilions  of  the  country,  that  Manco- 
Capac,  the  first  Inca  and  lawgiver,  to  whom  the  Peruvians  attribute  their 
religion  and  their  comparatively  high  civiliiation,  miraculously  appeared  ; 
and  this  accordingly  was  the  central  point  from  wliich  their  extended  em- 
pire ramified  in  all  directions. 

t.See  the  Report  hy  Elie  ile  Beaumnr.t,  of  M.  D'Orhigny's  Researches, 
addressed  to  the  Academy  of  Sciences  at  I'aris. 
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appears  to  have  elevated  the  former  in  a  direction  from  N.W. 
to  S.E.^  and  consequently  at  a  period  later  than  that  of  the 
formation  of  the  triassic  group^  so  that  the  elevation  of  the 
Bolivian  Andes  dates  from  a  period  intermediate  between  this 
and  the  Jura  limestone. 

On  the  other  hand^  the  western  chain^  or  the  Cordillera  of* 
the  coast^  is  composed,  in  a  great  measure,  of  volcanos  either 
active  or  extinct,  which  appear  to  have  been  upheaved  at  a 
much  more  recent  period,  and  according  to  M.  D'Orbigny, 
may  at  the  time  of  their  elevation  have  occasioned  such  a 
displacement  of  the  oceanic  waters,  as  caused  them  to  over- 
spread the  neighbouring  continent,  and  thus  to  have  covered 
the  surface  of  the  land  with  mud  and  pebbles,  as  well  as  to 
have  destroyed  all  the  existing  races  of  animals. 

Hence  the  existence  of  that  great  Pampean  formation 
which  D'Orbigny  and  Darwin  have  described,  and  hence  the 
occurrence  in  it  of  those  large  bones  of  Mylodon,  Megalonyx, 
Megatherium,  Platonyx,  Toxodon,  and  Mastodon,  which  have 
lately  been  brought  over,  and  have  excited  so  much  interest 
among  zoologists. 

Be  that  as  it  may,  the  plutonic  rocks  of  the  Bolivian  Andes, 
and  the  volcanic  of  the  Western  Cordillera,  are  distinguished 
not  only  in  age,  but  also  in  their  characters.  The  former  abound 
in  metalliferous  veins,  amongst  which  those  of  Potosi  are  the 
most  celebrated ;  the  latter  are  entirely  destitute  of  them  ;  and 
whilst  the  one  offers  a  succession  of  sharp  rugged  peaks  and 
serrated  edges,  the  other  presents  a  number  of  those  conical 
and  bell-shaped  summits  which  are  so  characteristic  of  rocks 
allied  to  trachyte. 

Mr.  Pentland*  informs  us,  that  the  snowy  chain  of  the 
Bolivian  Andes  rivals  in  height  the .  Himalaya  mountains 
themselves.  Thus  in  lat.  16^*40,  the  Nevada  of  Illimani  is 
probably  24,000  feet  high,  and  the  most  elevated  pinnacles 
of  the  snow-capped  range  which  towers  above  the  Indian 
village  of  Sorata,  hence  called  the  Nevado  de  Sorata,  attains 
the  enormous  height  of  25,250  feet. 

The  Cordilleras  of  the  coast,  though  somewhat  lower  than 
those  of  the  interior,  appear  in  a  few  places  to  exceed  in  alti- 

*  On  the  General  Outline,  8fc.,  of  the  Bolivian  Ande9.  Jouro.  of  the 
Geograph.  Society,  vol.  v. 
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tude  Chirabora^o,  as  will  be  seen  by  the  following  brief  «1 
nieDt  of  the  principal  moimtaiiiB,  all  of  which  are  volcanic  ii 
their  origin,  though  some  no  longer  continue  active  vents. 

First,  then,  on  the  prolongatiou  of  the  Western  CoriJiUera,  north 
of  Arequipa.  rise  the  nevados  of  Ambato  anii  Corpuna,  and  ubont 
twenty  miles  from  the  same  city  the   colosaal   nrvado  of  Chuqui- 

The  latter  bears  a  striking  resemblance  to  Chimbora^o  as  deli- 
neated in  Humboldt'B  ■  Atlas,'  and  appears  to  be  formed,  like  this 
latter  giant  of  the  Columbian  Andes,  of  one  simultaneoualy  uplifted 
mass  of  trachyte,  which  has  pierced,  and  reposes  upon,  the  subjacent 
secondary  strata.  The  dome  of  Chuquihamba  rises  to  an  elevation 
of  21,000  feet,  deduced  from  a  measurement  made  by  Mr.  Pentland 
of  that  portion  of  the  summit  whii'h  surpasaea  tlie  level  of  perpetual 
snow,  aaaumiag  the  latter  to  he  17,200  feet  in  this  latitude. 

In  lat.  16'''24,  towering  over  the  populous  city  of  Arequipa,  rise 
three  snow-capped  mountains,  viz.  Pichu-Pichu,  the  volcano  of 
Arequipa,  and  Chacani.  The  first  and  third  of  these  form  two 
elongated  eerraled  edges,  and  probably  constituted  a  portion  of  the 
walls  of  a  very  extensive  elevation -crater,  in  which  the  second,  that 
of  Arequipa,  was  formed  by  eruptions  of  a  more  modern  dat*'. 

This  latter  mountain  presents  to  the  eye  a  very  regular  volcanic 
cone,  truncated  on  its  summit,  and  rising  to  aii  elevation  of  1^,300 
feet  above  the  level  of  the  Pacific.  It  has  a  deep  crater,  from  which 
aehes  and  vapour  are  conatantly  seen  to  issue.  These  three  nevadoa, 
like  roost  of  those  in  the  Western  Cordillera,  arc  placed  near  its 
maritime  declivity  ;  but  about  ten  leagues  from  the  same  point,  in  a 
south-eastern  direction,  and  consequently  further  removed  from  the 
sea,  is  the  volcano  of  Uvinas,  a  very  extensive  though  shallow  crater, 
where  the  Aborigines  collect  small  masses  of  alum,  used  by  them  in 
dyeing.  It  has  now  ceased  to  burn,  but  in  the  sixteenth  century 
produced  an  eruption  that  spread  desolation  for  many  leagues 
around.      Its  height  exceeds  l(i,000  feet. 

Meyen,  aGerman  traveller,  reports,  that  a  quartzose  porphyry  forms 
the  base  of  this  mountain,  succeeded  by  red  sandstone,  but  that  on 
the  table-land,  which  ranges  at  a  hcig-hl  of  12,4117  feet,  nothing  is 
seen  but  volcanic  blocks  composed  of  andcsite  with  hornblende,  or 
of  obsidian  containing  also  many  crystals  of  albjte  and  horn- 
blende. Near  the  top,  and  above  the  snow-Iinc,  he  found  andesite 
to  be  the  prevailing  rock;  and  an  American",  who  readied  the 
very  summit,  states  that  it  was  covered  with  pumice  and  obsidian, 
"  Samuel  Curzon.     Maltc  Brun,  Nouv,  jVnnsIrs  i!p?(  VnyaK'^s 


PERU.  493 

80  that  these  two  substances  appear  to  be  produced  from  andesite 
as  well  as  from  trachyte. 

Somewhat  farther  to  the  south  rises  the  volcano  of  Chipicani, 
having  a  broken-down  crater  with  an  active  solfatara  in  its  interior, 
emitting  aqueous  and  acid  vapours,  which  by  their  condensation  give 
rise  to  a  considerable  torrent,  called  the  Rio  Azufrado  from  the  large 
quantity  of  sulphate  of  iron  and  of  alumina  which  its  water  holds  in 
solution.     Its  height  is  16>998  feet. 

Lastly,  near  Arica,  in  lat.  18^,  are  four  stupendous  volcanic 
mountains,  the  first  of  which,  Anaclache,  although  the  lowest  of  the 
four,  is  18,000  feet  in  height.  The  second  and  third  are  called  by 
the  Creoles  T\ffins  (Melizzos),  from  the  similarity  of  their  form  and 
the  contiguity  of  their  position,  but  by  the  Indians  are  distinguished 
by  the  names  of  Chungara  and  Parinacota.  The  most  southern  of 
these  forms  a  perfect  truncated  cone,  whilst  the  northern  rather 
resembles  a  dome.  Mr.  Pentland  thinks  it  probable  that  the  latter 
is  an  active  vent. 

The  most  southern  of  the  four  is  the  magnificent  nevado  called 
Gualatieri,  a  volcano  asserted  by  Mr.  Pentland  to  attain  an  ab- 
solute elevation  of  22,000  feet.  With  this  the  series,  according 
to  this  writer,  terminates ;  but  Von  Buch  adds  one  other  to  the 
list,  existing  at  a  considerably  lower  latitude,  viz.  21**' 36.  This 
is  the  volcano  of  Alicama,  near  the  town  of  that  name,  the  exact 
position  of  which  however  is  not  fully  ascertained. 

Von  Buch  states  that  this  chain  of  mountains  is  separated  from 
the  sea  by  two  or  three  smaller  groups,  possessing  a  height  of  3000 
feet.  The  first  of  these,  not  far  from  Arequipa,  is  composed  of  a 
rock  having  the  same  composition  as  andesite,  but  with  the  propor- 
tions of  albite  and  hornblende  reversed,  so  that  it  may  be  called  a 
diorite.  The  large  quantity  of  hornblende  present  in  it,  as  well  as 
its  greater  specific  gravity,  impart  to  it  a  character  quite  different 
from  that  of  ordinary  andesite. 

The  last  of  these  groups  is  composed  of  a  large-grained  granite 
with  red  felspar,  white  quartz,  and  a  little  mica.  Granite  indeed 
seems  to  be  confined  to  the  base  of  the  Andes,  and  never  to  rise  to 
a  high  level. 

Volcanoa  of  Chili. 

From  the  volcano  of  Alicama  iu  lat.  21^-365  to  Coquimbo 
in  lat.  30^^  no  volcanos  appear  to  exists  but  in  the  interval 
the  country  is  agitated  by  frequent  and  tremendous  earth- 
quakes.   Thus  the  town  of  Copiapo  was  overturned  by  one  in 
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1819,  of  which  Captain  Basil  HtiU*  has  given  us  a  descrip- 
tion. The  earthquakes  appear  to  recur  periodically,  at  inter- 
valBoftwenty-three  years,  judging  by  the  fact  that  they  visited 
the  "above-named  town  in  the  years  1773)  1/96)  """1  1S19. 

The  great  number  of  the  Chilian  voIcruos  are  known  to  us 
only  by  name ;  1  am  therefore  able  to  do  little  more  than  to 
copy  the  hst  with  which  Von  Buch  has  supplied  us  in  his 
work  on  the  Canary  Islands  so  oflcn  referred  to,  which  is  as 
follows  :— 

1.  Coquimbo.  Int.  30°'5. 

2.  Limari,  lat.  31", 

3.  Choapa,  Ut.  31°50. 

4.  Liguk.  lat.  32°-ia. 

5.  Aconcagua,  perhaps  the  same  as  Ligui.  Mieia  states  that  no 
eruption  from  it  is  known,  though  its  form  and  elevation  give  it  the 
character  of  a  volcano. 

6.  S.  Vago,  called  by  Mien  the  Peak  of  Tupungato,  probably 
rises  to  a  licight  of  15,000  feet.  It  is  situated  to  the  east  of  V'alparaiio. 

7.  Maj'po,  lat.  SS^-SS,  of  which  Meyen  has  given  a  very  interest- 


It  seems  that  the  greater  part  of  the  mountain,  to  a  height  of 
9000  feet,  ia  composed  of  Jura  limestone,  recognized  as  such,  by  its 
Ammonites  (.4.  hiplcjr).  E^oi/i/ra  Cnuloni.  anil  other  characteristic 
fossils.     Upon  this  axe  enormous  beds  of  gypsum  700  or  800  feet 

in  height,  dolomites,  and  salt-springs,  through  the  midst  of  all 
which  the  fclspathic  cone  of  the  volcano  rises,  forming  a  great  wall 
of  very  regular  prisms  "200  or  ,100  feet  long.  'lO  or  GO  broad,  and 
15  to  20  high.  On  the  summit  is  a  crater  which  cannot  be  reached 
on  account  of  the  snow  which  surrounds  it.  hut  which  emits  smoke 
and  a  light  visible  at  night.  No  current  of  lava  has  been  observed, 
hut  it  is  remarkable  that  on  the  road  leading  to  the  mountain  uccu- 
mulations  of  pumice  exist,  ahhough  this  material  is  not  found 
amongst  the  masses  ejected  from  the  volcano  itself. 

8.  Rancagua,  lat,  34^-lo,  which,  accordiitg  to  Meyen,  seems  to 
be,  like  Stromboli.  in  a  state  of  constant  eruption. 

9.  Petcroa.  lat,  35°'lo,  a  very  active  volcano,  examined  also  by 
Meyen.  who  finds  the  summit  of  the  mountain  on  the  ridge  of  the 
great  chain  composed  of  andesite,  with  numerous  long  crj'stals  of 
hornblende,  of  a  much  darker  colour  than  ia  in  general  found  in 
volcanos,  approaching  to  diorite.     Molina  records  a  most  remark- 
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able  eruption  which  took  place  at  it  on  the  3rd  of  December  1760, 
when  the  volcanic  matter  opened  for  itself  a  new  crater,  and  a 
mountain  in  its  vicinity  experienced  a  rent  several  miles  in  extent. 
A  large  portion  of  the  mountain  fell  into  the  Lontue,  and  having 
filled  its  bed,  gave  rise  to  a  lake  in  consequence  of  the  accumulation 
of  the  water  *. 

10.  Pomahvida,  lat.  35^*30.  There  are  two  peaks  of  this  name, 
one  of  which  is  an  active  vent,  situated  near  a  lake,  and  belonging 
to  a  lateral  spur,  which  detaches  itself  from  the  longitudinal  chain 
running  to  the  east ;  there  is  much  uncertainty  as  to  it,  owing  to 
discrepancies  in  the  accounts  given  by  various  travellers. 

11.  Chilian,  lat.  36^*5,  situated  on  the  termination  of  an  elevated 
table-land  of  the  Cordilleras.  14,000  feet  above  the  sea. 

12.  Antuco,  lat.  37°'40.  Poeppig,  who  sojourned  nearly  a  year 
at  the  foot  of  this  volcano  and  ascended  to  its  summit,  gives  a  de- 
tailed account  of  it.  It  is  at  least  1 6,000  feet  in  height,  and  the 
cone  would  appear  from  Poeppig's  description  to  be  composed  either 
of  andesite  or  of  a  dolerite,  being  made  up  of  augite  and  of  white 
rhomboidal  crystals  of  a  felspathic  mineral,  probably  albite.  This 
cone  is  entirely  encircled  with  steep  escarpments  of  basalt,  which,  as 
in  Iceland,  seems  to  constitute  a  vast  crater  of  elevation,  through 
which  this  central  conical  mass  has  been  protruded.  No  lavas  have 
proceeded  from  the  crater,  which  only  emits  steam  and  suffocating 
vapours,  but  lava-streams  have  frequently  issued  from  the  foot  of  the 
central  cone.  No  obsidian  or  pumice  has  been  observed  on  this 
volcano. 

13.  Callaqui,  lat.  38°. 

14.  Chinale,  lat.  38°-40. 

15.  Votuco,  lat.  39°' 20.  situated  on  a  lateral  branch  of  the  chain. 
It  is  a  conical  mountain,  which  ejects  such  a  quantity  of  cinderB 
and  vapours,  that  according  to  an  old  traveller,  nothing  will  grow 
within  four  or  five  leagues  of  it. 

16.  Villarica,  lat.  39°'20,  near  the  lake  of  the  same  name,  the 
summit,  says  Molina,  covered  with  snow,  and  in  a  state  of  constant 
eruption.  This  and  a  small  volcano  at  the  mouth  of  the  river  Repel, 
are  the  only  two  not  included  in  the  chain  of  the  Andes. 

17.  Chignal,  lat.  39°-55. 

18.  Ranco,  lat.  40°-15. 

19.  Osomo,  lat.  40°-35. 

20.  Guanegue,  lat.  40°-50. 

21.  Quechucabi,  lat.  41°*  10. 

22.  Minchimadava,  lat.  42°'45,  opposite  the  islands  of  Chiloe. 


Hist.  Natur.  de  Chili. 
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23.  Mcdieluia  or  Huayteca.  lal.  44''-20. 

24.  St.  Clemente,  lat.  46°. 


volcaniM,  •one         I 

rk  of  Ovariia*.  I 


Here  terminates  the  series  of  the  Chilian  volcanos,  i 
of  which  are  merely  knowa  from  an  old  work  of  Ova^ia* 
entitled  '  Historica  Rckzione  de!  Regno  di  Chile,'  and  from 
the  large  map  of  Cruz  de  Olm^dillfl. 

But  Mr.  Darwin  states  that  a  deposit  of  white  pumiceous 
conglomerate  (or  mud),  accompanied  ahundantly  with  gypsum, 
extends,  aa  he  believes,  for  a  distance  of  5/0  miles,  from  Coy 
Inlet  to  San  Josef,  on  the  eastern  coast  of  Patagonia  f-  It  is 
probable  therefore  that  volcanic  forces,  now  slumbering  or 
extinct,  have  been  in  operation  also  on  the  more  southern 
portion  of  the  continent,  especially  aa  Captain  Hall  observed 
a  volcano  burning  in  lat,  SS'^'S,  to  the  north  of  Cape  Horn ; 
and  as  Mr.  Dnnvin  states,  that  although  no  recent  volcanic 
district  has  been  observed  in  any  part  of  Tierra  del  Fuego, 
yet  on  the  northern  point  of  the  island  there  were  variairs 
ancient  submarine  rocks,  consisting  of  amygdaloids  with  dark 
talc  and  agate,  of  basalt  with  decomposed  olivine,  of  compact 
lava  with  glassy  felspar,  and  of  a  coarse  conglomerate  of  fed 
aooriie,  parta  being  rendered  amygdaloida]  with  carbonate  of 
lime.  The  southern  part  of  WoUaston  Island,  and  the  whole 
of  Hcrmite  and  Horn  Islands,  seem  formed  of  cones  of  green- 
stone ;  the  outlying  islets  of  II  Defenso  and  Don  Ramirez  are 
said  to  consist  of  porphyritic  lava. 

Andesite  also  occurs  in  large  masses  on  both  sides  of  the 
Bea;''?  Channel ;  and  the  South  Slietland  Islands,  south  of 
Cape  Horn,  are  stated  to  be  volcanic.  In  one  of  these,  the 
Island  of  Deception  J,  is  repeated  the  singular  phenomenon 
of  alternations  of  layers  of  ice  and  of  lava,  regularly  stratified, 
as  has  happened  in  one  case  on  Mount  Etna.  It  is  appa- 
rently a  crater  of  elevation,  like  Santorino,  broken  away  on 
one  side,  through  which  the  sea  has  entered,  forming  in  the 
interior  a  lake  about  five  miles  in  diameter,  whilst  that  in- 
cluded by  the  semicircular  crest  of  rocks  which  bounds  it  is 
about  eight.  This  consists  of  perpendicular  rocks  800  feet 
high,  facing  the  internal  cavity,  and  sloping  more  gradually 
towards  the  circumference. 

•    lilimo,  llil(i.  I    Pufic  II!). 

;  J.iuriiiil  of  the  Grogr.  Society,  vol,  i.  p.  G4. 
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It  is  indeed  curious  to  hear  of  hot  springs  gushing  out  from 
a  rock  built  up  in  part  of  layers  of  ice. 

Thus  then  a  line  of  active  volcanos  may  be  traced  at  inter* 
yals  from  the  5th  to  the  46th  degree  of  south  latitude^  together 
with  remnants  of  extinct  ones  from  thence  to  the  most  southern 
point  of  the  American  continent ;  whilst  the  intervening  spaces 
exhibit^  in  the  frequent  earthquakes  that  occur^  phaenomena 
of  an  analogous  kind. 

This  apparent  communication^  or  at  least  similarity  of  con- 
stitution,  subsisting  between  the  several  parts  of  this  tracts  is 
the  more  remarkable  from  the  absence  of  aU  indications  of 
volcanic  action  throughout  the  countries  situated  on  the 
eastern  side  of  the  Andes^  whether  in  Buenos  Ayres^  Brazil, 
Ouayna,  the  coast  of  Venezuela^  or  the  United  States. 

It  is  true  there  exist  a  little  to  the  east  of  the  Andes  three 
small  volcanos,  situated  near  the  sources  of  the  Caqueta,  the 
Napo,  and  the  Morona,  but  these,  in  Humboldt's  opinion,  must 
be  attributed  to  the  lateral  action  of  the  volcanos  of  Columbia. 

There  is  one  remarkable  phcenomenon  belonging  to  vol* 
canos  of  the  new  world,  which,  though  not  altogether  pecu- 
liar to  them,  is  more  frequent  there  than  among  those  of 
Europe. 

It  often  happens,  that  instead  of  ejections  of  lava  proceed- 
ing from  the  volcano  during  its  periods  of  activity,  streams  of 
boiling  water  mixed  with  mud  alone  are  thrown  out,  as  hap- 
pened at  Guatemala,  Cotopaxi,  &c. 

It  was  once  imagined  that  this  mud  and  water  were  genuine 
products  of  the  volcano,  derived  from  some  spot  in  the  inte- 
rior of  the  mountain,  equally  deep-seated  with  that  from 
which  the  lava  itself  proceeds ;  but  a  fact  recorded  by  Hum- 
boldt has  done  much  to  dispel  this  illusion. 

I  have  already  stated,  that  with  this  mud  are  often  thrown 
out  multitudes  of  smaU  fish  {Pimelodes  Cyclopum)^  some- 
times indeed  in  numbers  sufficient  to  taint  the  air.  Now  as 
there  is  no  doubt  that  these  fish  proceeded  from  the  moun<^ 
tain  itself,  we  must  conclude  that  it  contains  in  its  interior 
large  lakes  suited  for  the  abode  of  these  animals,  and  there- 
fore in  ordinary  seasons  out  of  the  immediate  influence  of  the 
volcanic  action. 

2  K 
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Admittiag  the  existence  of  these  lakes,  it  is  certainly  most 
natural  to  attribute  the  water  thro^vn  out  to  the  bursting  of 
one  of  them,  and  the  mud  to  the  intermixture  of  the  water 
with  the  ashes  at  the  same  time  ejected. 

The  conclusions  to  which  Humboldt  has  arrived  trmn  his 
observations  on  the  physical  structure  of  America*,  of  which 
only  a  part  have  as  yet  been  fully  brought  before  the  public, 
are  as  follows : 

All  the  most  elevated  points  of  the  Cordilleras  are  of  tra- 
chyte t>  which  rock  encircles  in  zones  a  large  portion  gf  the 
table-land,  but  rarely  extends  into  the  plains.  Wheu  the 
trachyte  does  not  exist  in  sufficient  quantity  to  cover  the  en- 
tire soil,  it  is  scattered  in  small  distinct  masses  on  the  bai^ 
and  crest  of  the  Andes,  raised  in  the  form  of  pointed  rocks 
from  the  bosom  of  the  primitive  and  transition  formations. 

Trachytes  and  basalt  are  rarely  found  together,  and  there 
seems  to  be  a  mutual  antagonism  between  these  two  classes 
of  formations  f.  True  basalts  with  olivine  do  not  constitute 
beds  interstratified  with  the  trachyte,  but  when  they  are 
found  near  the  latter  they  are  superposed. 

These  and  other  volcanic  formations,  such  as  clinkstone, 
amygdaloid,  and  pumiceous  conglomerates,  are  the  principal 
rocks  met  with  above  the  trachyte ;  sometimes  however  small 
local  formations  of  tertiary  limestone  and  gypsum  occur. 

But  the  circumstance  which  deserves  to  be  considered  with 
the  greatest  attention,  as  leading  to  the  most  important  con- 
sequences, is  the  apparent  passage  from  the  trachyte  into  the 
porphyry  beneath  it. 

This  rock,  which  Humboldt  considered  as  belonging  to  the 
transition  series,  is  distinguished  from  the  porphyries  which 
are  most  common  in  the  old  world,  by  the  almost  entire 
absence  of  quartz,  the  presence  of  hornblende,  of  glassy  as 
well  as  common  felspar,  and  sometimes  of  augite.  It  would 
therefore  be  diftioult  to  fix  upon  any  absolute  line  of  separa- 

•Gis  sement  (lea  Hochca.  p,  SJ7. 

t  Or  rather  of  andeaite,  as  has  been  since  determined  by  H.  Rose 
;  This  remark  must  be  taken  with  very  many  exceptions,  as  Humboldt 
seems  to  allow  (Gissement  des  Roches,  p.  349). 
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lion  between  this  kind  of  porphyry  and  trachyte ;  it  is  only 
firom  the  union  of  all  these  minendogical  characters  with  the 
presence  of  obsidian^  peaiistone^  and  scoriform  masses^  and 
from  the  relative  position  of  the  rock,  that  we  can  determine 
it  to  be  trachyte* 

It  is  also  equally  difficult  to  pronounce  where  the  trachyte 
begins,  and  the  porphyry  which  supports  it  terminates,  for 
glassy  felspar  gradually  becomes  more  and  more  common  as 
we  ascend  to  the  upper  strata  of  the  transition  porphyry,  and 
beds  even  occur  in  it,  which  would  be  considered  ahnost  as 
characteristic  of  the  trachytic  formation'*'. 

Thus  between  the  porphyries  which  contain  the  rich  silver- 
mines  of  Real  del  Monte,  and  the  white  trachytes  with  pearl- 
stone  and  obsidian  which  compose  the  Mountain  of  Couteaux 
east  of  Mexico,  an  intermediate  class  of  rocks  occurs,  which 
partakes  of  the  characters  sometimes  of  the  older,  and  some-- 
times  of  the  newer  formation. 

In  South  America  likewise,  the  same  remark  applies  to  the 
atrata  intervening  between  the  transition  porphyry  covered 
with  black  granular  limestone,  and  the  pumiceous  trachytes 
constituting  the  active  volcano  of  Purace. 

In  like  manner,  in  the  very  midst  of  the  Mexican  por« 
phyry,  so  rich  in  gold  and  silver,  we  observe  beds  destitute 
of  hornblende,  but  abounding  in  long  narrow  crystals  of 
^assy  felspar,  which  cannot  be  distinguished  from  the  clink- 
stone porphyry  of  Bilin,  in  the  trachytic  district  of  Bohemia. 
In  short,  Humboldt  considers  that  there  is  no  more  reason 
for  admitting  a  natural  line  of  separation  between  the  trans- 
ition porphyry  and  the  trachytes  of  America,  than  there  is 
between  the  transition  limestones  and  those  of  secondary  for- 
mation found  above  them  in  the  old  world. 

I  have  already  in  Chapter  V.  made  the  same  remarks  with 
Teference  to  the  porphyries  of  Hungary,  and  have  there  shown 
that  the  difficulties  here  alluded  to  are  a  good  deal  lightened, 
now  that  the  comparatively  modem  date  of  all  kinds  of  erup- 
tive rocks  is  admitted  by  geologists  as  at  least  a  supposable 
case. 

The  porphyry  which  has  led  to  these  remarks  is  distin- 

*  Gissement  des  Roches,  p.  121,  ^/  seq. 
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guislied  by  Humboldt  into  two  kinds :  the  more  ancient, 
immediately  covering  the  primitive  rocks ;  the  more  modem, 
resting  on  slates  and  limestones  belonging  to  the  transition 
series.  The  former  contains  no  metallic  veins,  the  latter 
abounds  in  them.  Both  hon'ever  possess  tbe  same  charac- 
ters, by  which  they  become  allied  to  the  trachytes,  just  as 
the  transition  jmrphyries  of  Europe  present  many  analogiea 
to  the  red  sandstone. 

The  older  porphyry  is  found  in  South  America  imme- 
diately resting  on  the  primitive  rocks,  and  is  covered  by 
syenite,  composed  of  hornblende  and  common  felspar,  with  a 
little  mica  and  qnarta. 

This  syenite  seems,  in  the  province  of  Popayan,  to  pass 
into  trachyte,  the  hornblende  becoming  more  abundant,  tbe 
mica  more  rare,  and  glassy  taking  the  place  of  common 
felspar. 

Sometimes,  as  at  the  foot  of  the  volcano  of  Purace,  the 
syenite  ia  separated  by  granite  from  the  superimposed  tra- 
chyte, which  latter  at  top  becomes  glassy,  and  passes  into 
obsidian. 

The  syenite  is  sometimes  covered  with  a  black  bmestone, 
so  highly  charged  with  carbon  as  to  soil  the  fingers,  and  pos- 
sessing all  the  characters  of  a  transition  rock,  and  yet  the 
porphyry  on  which  it  rests  has  much  resemblance  to  trachyte. 

Humboldt  also  notices  other  circumstances  which  tend  to 
establish  a  connexion  between  the  older  porphyry  and  the 
trachyte ;  thus  the  former  rock  at  Pisoja  is  columnar,  and  at 
Rio  Guachicon  contains,  hke  the  trachyte  of  the  Siebenge- 
birge,  fragments  of  gneiss. 

Notwithstanding  this,  he  seems  afterwards  to  admit  that  it 
is  questionable,  whether  these  rocks  are  to  be  considered  as 
belonging  to  the  transition  or  to  the  trachytic  series*. 

These  pori»hyries  in  Quito  alternate  with  gneiss  and  mien- 
slate  (rocks  on  which  they  usually  repose),  and  are  covered 
by  trachyte,  to  which  they  present  an  approximation  ;  horn- 
blende and  augite  becoming  more  frequent  towards  the  upper 
part  of  the  formation. 

The  syenite  associated  witJi   this  porphvry  also  appears  to 
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contain  salt^springs^  gypsum  and  sulphur^  and  is  covered  by 
a  greenstone^  consisting  of  felspar  united  with  hornblende, 
and  not  with  augite.  Baron  Humboldt  considers  this  an 
additional  proof,  that  the  particular  porphyry  alluded  to  is 
not  a  trachyte,  for  the  latter  rock  has  hitherto  been  met  with 
associated  only  with  augite  rock,  and  not  with  genuine  green* 
stone. 

The  porphyry  of  Equinoctial  America  is  covered  by  a  for- 
mation of  clay- slate  passing  into  talcose  slate,  in  which  is 
situated  the  famous  silver-mine  of  Guanaxuato  in  New  Spain*. 
The  thickness  of  this  formation  is  no  less  than  3000  feet.  It 
contains,  as  subordinate  beds,  not  only  syenite,  but  also  ser- 
pentine and  hornblende  slate.  No  organic  remains  however 
have  as  yet  been  discovered.  It  passes  into  a  siliceous  slate, 
which  has  sometimes  the  characters  of  Lydian  stone. 

This  rock  is  covered  in  Mexico  by  a  second  formation  of 
porphyry,  distinguished  by  its  extreme  uniformity,  and  con- 
taining rarely  any  subordinate  beds.  Its  thickness  is  cal- 
culated by  Humboldt  at  5000  feet  at  the  least.  Between 
Acapulco  and  Mexico,  it  appears  to  be  overlaid  by  a  forma- 
tion of  compact  limestone  of  a  bluish-black  colour,  full  of 
large  caverns,  and  a  case  of  the  same  kind  is  more  distinctly 
observed  at  Zumpango,  where  the  order  of  superposition 
seems  to  be — 

1st.  The  primitive  granite. 

2nd.  A  compact,  blue,  cavernous  limestone  traversed  by 
veins  of  calc-spar  referred  by  Humboldt  to  the  Zechstein, 
rather  than  to  the  orthoceratite  Umestone  now  regarded  as 
Silurian. 
,   3rd.  Granite  as  before. 

4th.  Porphyry  with  glassy  felspar,  which  in  one  place  sup- 
ports an  amygdaloid  of  a  semi- vitreous  character,  and  in  others 
two  different  calcareous  rocks,  both  cellular,  which,  though 
evidently  less  ancient  than  that  which  rests  on  the  granite, 
are  certainly  not  so  modem  as  the  beds  above  the  chalk.. 

The  rocks  too  in  the  valley  of  Mexico,  which,  as  I  have 

*  Gissemeot,  p.  153. 
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bcture  obsened,  pass  in  one  place  into  trachyte,  are  covered  in 
another  by  a  calcareous  rock,  wliicli  Humboldt  coDBiders  to 
be  at  least  aa  oM  as  the  limestone  above  nliuded  to. 

Oa  the  other  hand,  the  limit  to  the  age  that  can  be  asaigned 
to  the  metalliferous  porphyrj  of  New  Spain  is  best  deter- 
mined by  the  appearances  presented  at  Guanaxu&to,  where  it 
is  seen  resting  immediately  on  a  transition  slate  with  Lydiaa 
stoue,  and  both  rocks  are  alike  traversed  by  the  same  metallic 
veins, 

This  is  the  very  rock  which  I  have  before  alluded  to  as 
possessing  in  many  cases  all  the  characters  of  trachyte,  and 
yet  it  presents  so  many  analogies  to  the  preceding  rocks 
which  are  covered  by  the  older  limestones,  that  Humboldt 
ranks  it  among  the  transition  porphyries. 

Below  the  Equator,  between  the  iifth  and  eighth  degrees  d 
south  latitude,  Humboldt  observed  porphyries  resting  apon 
clay-slat«,  and  apparently  of  the  same  age,  which  have  som^ 
times  much  the  aspect  of  basalt,  containing  more  augite  than 
felspar,  and  alternating  with  beds  of  jiisper,  and  of  compact 
felspar  having  a  black  colour  and  uniform  consistence. 

At  other  times  the  porphyries  have  less  affinity  to  trachyte, 
as  at  the  Indian  village  of  San  Felipe,  where  they  are  covered 
by  a  black  shelly  limestone. 

Mr,  Darwin  however,  in  his  recent  'Observations  on  South 
America*,'  has  clearly  distinguished  these  two  formations,  the 
mutual  relations  of  which  Humboldt  leaves  somewhat  un- 
determined. 

He  shows,  that  the  shores  of  the  Pacific  for  a  space  at  least 
of  1200  miles,  from  Tres  Montes  in  Patagonia  to  Copiapo 
in  Peru,  are  composed  of  met  amorphic  schists,  plutonic  rocks, 
and  clay-slate  more  or  less  altered, 

On  the  floor  of  the  ocean  thus  constituted,  vast  streams 
of  various  claystonc  and  greenstone  porphyries  were  poured 
forth,  together  with  great  alternating  piles  of  angular  and 
rounded  fragments  of  similar  rocks  ejected  from  the  sub- 
marine craters,  Mhich  from  their  comi>actness  seem  to  have 
taken  place  in  profoimdly  deep  water.     The  orifices  of  eruj)- 

•  Thiril  Part  of  [he  Geology  oflhf  Voyngc  of  thf  Beagle,  p,  237. 
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tion  appear  to  have  been  studded  over  a  breadth  of  from  50 
to  100  miles,  and  closely  enough  to  form  a  continuous  mass 
in  Chili  more  than  a  mile  in  thickness. 

After  the  cessation  of  the  above  eruptions,  thick  strata 
abounding  in  gjrpsum  were  deposited,  and  felspathic  and 
other  lavas  occasionally  were  thrown  out,  whilst  the  sea  be- 
came peopled  with  shells,  which  have  left  their  traces  behind 
them  in  the  strata,  and  belong  to  the  earlier  stages  of  the 
cretaceous  system. 

The  thickness  of  these  submarine  fossiliferous  strata  is 
such,  as  to  indicate  that  a  sinking  must  have  taken  place  in 
the  floor  of  the  ocean  during  their  deposition,  consistently 
with  those  views  of  Mr.  Darwin,  which  have  been  briefly 
alluded  to  in  the  25th  chapter  of  this  work. 

In  central  Chili,  after  the  deposition  of  a  great  thickness  of 
gypseous  strata  and  their  subsequent  upheaval,  a  vast  pile  of 
tufaceous  matter  and  submarine  lava  was  accumulated,  where 
the  Uspallata  chain  now  stands ;  and  after  all  these  successive 
formations  had  been  completed,  and  the  whole  brought  above 
the  level  of  the  waters,  vast  masses  of  andesite  were  upheaved 
along  the  line  of  an  immense  fissure  extending  north  and 
south,  where  the  Cordillera  now  runs. 

Accordingly,  the  gypseous  and  porphyritic  strata,  being 
thrown  into  highly  inclined  or  vertical  positions  by  the  pro- 
trusion of  the  igneous  rock,  constitute  the  highest  peaks 
next  to  those  consisting  of  andesite. 

Mr.  Darwin  regards  this  upheaval  as  a  slow  and  gradual 
movement;  IKOrbigny,  on  the  contrary,  as  a  sudden  and 
violent  one ;  but  however  this  may  be,  we  are  still  at  liberty 
to  ascribe  the  differences  beween  the  porphyries  and  andesites 
seen  associated  together  in  the  Cordillera,  to  the  submarine 
origin  of  the  former,  and  the  subaerial  one  ascribed  to  the 
latter  formation. 
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ON  PHiENOMENA  NOT  IMMEDIATELY  ARISING 

FROM  VOLCANOS,  BUT  SUPPOSED  TO  BE 
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CHAPTER  XXXII. 

ON  EARTHQUAKES. 

Ist.  The  Nature  of  the  Earthquake-shock. — Earthqaakes  defined. 
— ^Three  kinds  of  shock  :  ondolating — succussive — and  vorticose — ex- 
amples of  the  three  kinds.— Instruments  for  registering  earthquake* 
shocks. —  Central  earthquakes — linear  ones. -^Duration  of  shocks-^ 
noises  which  accompany  tiiem — recurrence  of  shocks — diffusion  of  shocks 
through  different  strata — shocks  felt  at  sea. — 2nd.  Dtn amics  of  Earth- 
quakes— Mr.  Mallet's  views  stated. 

In  the  preceding  chapters  of  this  work  it  has  been  my  busi* 
ness  to  describe  such  phssnomena  only  as  seemed  to  stand  in 
manifest  and  direct  connexion  with  volcanic  operations ;  and 
although^  in  investigating  these^  I  was  sometimes  led  on  to 
allude  to  earthquakes,  when  coincident  in  point  of  time  with 
the  eruptions  recorded,  and  even  to  such  thermal  waters  as 
happened  to  lie  contiguous  to  the  theatres  of  the  event9 
detailed,  yet  no  notice  has  hitherto  been  taken  either  of  the 
one  or  of  the  other,  except  when  their  relation  to  the  same 
deep-seated  cause  which  displays  itself  in  the  workings  of  a 
burning  mountain  seemed  obvious  and  incontrovertible* 

To  assume,  without  further  inquiry,  that  because  earth- 
quakes tod  thermal  waters  are  in  some  instances  plainly  vol- 
canic effects,  they  must  therefore  be  set  down,  wherever  they 
occur,  as  having  the  same  origin,  would  perhaps  be  pre- 
cipitate ;  for  it  is  evident  that,  although  the  ordinary  opera- 
tions of  an  active  volcano  can  hardly  fidl  to  create  an  agitation 
throughout  the  contiguous  country,  as  well  as  to  elevate  the 
temperature  oi  its  rocks,  and  consequently  of  the  q[>rings 
emanating  fix>m  them,  other  causes  are  at  least  conceivable 
from  which  both  the  one  and  the  other  might  result. 

At  the  same  time,  it  must  be  confessed  to  be  agreeable  to 
analogy,  that  an  agent  which  appears  to  be  of  so  wide- 
spreading  a  nature,  and  endued  with  such  tremendous  energy 
in  its  operations,  if  estimated  merely  by  the  effects  which  are 
seen  to  arise  directly  and  immediately  fronl  it,  should  reveal 
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itself  in  other  ways,  either  less  imposing  in  their  character, 
ur  less  distinctly  traceable  to  its  workings.  These  latter  how- 
ever must  not  be  neglected,  if  we  wish  to  obtain  a  clear  and 
comprehensive  view  of  the  effects  of  this  mysterious  force, 
and  hence  the  consideration  both  of  earthquakes  and  of 
thermal  waters  ought  to  precede  any  inquir;-  that  may  be  un- 
dertaken into  the  theory  of  volcanic  operations,  in  order  to 
establish,  first,  whether  they  are  always,  or  if  not  always,  in 
what  cases  they  are  to  be  set  down  as  relevant  to  our  present 
subject;  and  secondly,  to  what  new  conclusions  they  are  capa- 
ble of  conducting  us,  with  respect  to  the  localities  in  which  vol- 
canos  reside,  or  the  nature  of  the  force  which  is  exerted  by 
them. 

Under  the  name  of  Earthquakes,  then,  we  understand 
movements  of  portions  of  the  land  by  a  force  operating  from 
below  upwards,  the  seat  of  which  is  placed  beyond  the  sphere 
of  direct  observation. 

We  do  not  therefore  include  within  our  definition  all  move- 
ments or  dislocations  of  the  earth's  surface,  such  for  instance 
as  land-slips,  caused  by  the  failure  of  support  from  beoeatli, 
by  the  pressure  of  water,  or  by  the  effects  of  storms. 

These  phiEnomena  are  all  clearly  unconnected  with  volcanic 
action,  and  thi-rcforc  do  not  at  nil  belong  to  the  subject  we 
are  discussing ;  neither  are  they  in  common  parlance  referred 
to  earthquakes,  which,  in  their  ordinary  acceptation,  imply 
the  operation  of  some  more  deeply-seated  cause. 

In  the  greater  number  of  cases  indeed,  earthquakes  pro- 
duce shocks  and  undulations  of  the  ground  of  inconsiderable 
tbrce,  succeeding  each  other  rapidly  and  in  an  irregular 
manner.  But  as  these,  frequent  as  they  may  be,  leave  behind 
them  no  permanent  traces,  they  have  been  but  rarely  noticed 
or  registered.  Occasionally  however,  when  the  force  exerted  is 
greater,  such  commotions  of  the  earth  arise  as  arc  not  only 
destructive  to  the  \sorks  of  man,  but  even  affect  the  very 
configuration  of  the  country,  and  hence  are  calculated  to 
produce  a  deep  and  lasting  impression  upon  the  minds  of  the 
inhabitants. 

In  Southern  Italy,  where  this  is  too  often  the  case,  the 
movements  of  the  earth  referred  to  earthquakes  having  been 
carcfullv  observed,  are  divided  into  three  kinds: — 
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1  si.  The  undulatory  motion,  which  takes  place  horizontally 
and  heaves  the  ground  successively  upwards  and  downwards, 
proceeding  onwards  in  a  uniform  direction. 

2nd.  The  succussive  motion,  in  which  the  ground  is  heaved 
up  in  a  direction  more  or  less  approaching  to  the  perpendi- 
cular, as  happens  in  the  explosion  of  a  mine. 

3rd.  The  vorticose  motion,  which  seems  to  be  a  combina- 
tion of  the  two  preceding  ones,  several  undulations  taking 
place  contemporaneously,  and  thus  interfering  one  with  the 
other,  so  that  during  its  continuance  the  surface  of  the  land  is 
tossed  about  somewhat  in  the  same  manner  as  that  of  the  sea 
is  during  the  prevalence  of  a  storm,  when  a  number  of  billows 
travelling  in  different  directions  strike  one  against  the  other, 
and  thus  produce  every  possible  complexity  of  movement. 

Of  these  three  kinds  of  earthquake-shocks,  the  first  is  the 
most  common  and  the  most  harmless.  From  the  second, 
that  of  succussion,  more  is  to  be  apprehended ;  but  the  vorti- 
cose movement  is  the  one  which  has  been  felt  in  the  most 
violent  and  disastrous  catastrophes  on  record. 

By  earthquakes  indeed  of  the  two  latter  kinds,  not  only 
have  the  frail  works  of  man's  creation  been  annihilated,  but 
even  mountains  have  been  rent  asunder  and  valleys  produced. 
If  these  then  can  be  proved  to  be  connected  with  volcanos,  we 
should  omit  some  of  the  most  important  and  wide-spreading 
effects  of  the  force  under  consideration,  were  we  to  pass  them 
over  in  our  review  of  the  phenomena. 

Now  this  second  kind  of  movement  has  been  noticed  with 
greater  or  less  distinctness  by  many  of  those  who  have  ob- 
served and  reported  to  us  the  frightful  earthquakes  which, 
on  the  1st  of  November  1755,  brought  about  the  destruction 
of  Lisbon.  Of  the  not  less  terrific,  though  less  widely  dif- 
fused earthquake,  which  in  February  and  March  1783  laid 
waste  Calabria  and  Messina,  we  have  also  obtained  authentic 
accounts.  Dolomieu*,  who  made  observations  on  it  at  the 
very  time  and  place  where  it  occurred,  states  distinctly,  that 
the  movements  of  the  principal  shock  on  the  5th  of  February 
were  always  of  a  wave-like  character,  and  could  be  compared 

*  DissertatioD  on  the  Calabrian  Earthquake. 
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to  nothing  better  tliaii  to  tbe  effect  produced,  when  we  pibce 
small  quantities  of  moist  and  slightly  moistened  sand  near  each 
other  on  a  plate  which  we  toss  vertically  upwards,  moving  it 
horizontally  at  the  same  time  backwards  and  forwards. 

On  the  28tli  of  March  of  that  year,  a  fine  example  of  a 
movement  of  succussion  was  perceived ;  for,  according  to 
Hamilton's  account,  the  summits  of  the  granitic  bills  ia  Cala- 
bria were  clearly  seen  to  rise  and  fall  alternately,  and  indivi- 
duals, and  even  houses  standing  by  themselves,  are  said  to 
have  been  suddeoty  borne  aloll,  and  then,  without  any 
damage  being  done  to  them,  brought  back  to  a  somewbAt 
higher  spot  than  before. 

Dolomieu  says,  that  the  foundations  of  many  houaea  were 
in  a  manner  ejected  from  the  ground,  their  stones  shattered 
one  against  the  other,  and  the  mortar  between  them  ground 
to  powder. 

Nevertheless  certain  et^ects  whtcb  were  brought  about  by 
this  earthquake  would  seem  to  place  it  in  the  category  ol'  a 
vorticose  movement.  Thus  two  obelisks,  placed  at  the  extre- 
mities of  a  magnificent  facade  in  the  convent  of  St,  Bruno,  in 
a  small  town  called  Stefano  del  Bosco,  were  twisted  in  a  most 
remarkable  manner — the  pedestal  of  each  obelisk  rematniog 
in  its  original  place,  but  the  separate  stones  turned  partially 
round,  and  removed  someliiiios  nine  inches  from  their  original 
position  without  falling,  as  represented  i  n  the  following  wood- 


Ohelish  belonging  lo  the  Com-eiii  of  St.  Br««n. 
5.  Royal  Acad.  Naples,  quoted  Ijy  Lvell,  I'rinr.  o('  Geol.  \ 
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In  the  earthquakes  which^  on  the  26th  of  March  1812, 
ravaged  the  Caraccas,  the  (ground  experienced  a  continned 
imdulatory  movement,  and  seemed  to  heave  up  and  down  like 
a  boilii^  Ikpiid.  This  was  followed  by  a  perpendicular  move^ 
ment  of  three  or  four  seconds,  followed  by  a  second  undular 
tory  movement  of  somewhat  longar  duration.  The  shocks 
were  in- two  opposite  directions,  namely  from  north  to  souths 
and  from  east  to  west,  and  nothing  coiild  resist  this  conjunc- 
tion of  a  vertical  with  two  horizontal  movements  crossing 
each  other.  This  then  may  be  regarded  as  an  example  cf 
the  vorticose  description  of  shock*. 

The  most  frightful  however  of  these  catastrophes  was  the 
earthquake  which,  in  June  1692,  ravaged  the  whole  of  Jamaica. 
At  Port  Royal  t  the  entire  sur&ce  of  the  ground  seemed  at 
the  time  l^e  a  rolling  swelling  sea ;  houses  were  shifted  from 
their  places ;  men  who,  at  the  commencement  of  the  phse- 
nomena,  had  escaped  into  the  streets  and  open  spaces  of  the 
town,  were  thrown  down,  tossed  to  and  fit),  and  often 
bruised  and  stunned  in  the  most  frightftd  manner;  others 
again  thrown  aloft  and  borne  to  a  great  distance,  so  that  some 
by  good  fortune  were  carried  out  into  the  harbour,  and  falling 
into  the  water  escaped  with  their  Uves. 

If  the  movements  of  the  ground  are  only  simple  and  wave- 
like, they  follow  very  remarkably  one  exact  line.  To  ascer- 
tain this  with  accuracy,  as  the  reports  of  eye-witnesses  can 
seldom  be  depended  on,  instruments  called  Seismometers 
have  been  invented.  The  most  rude  and  simple  of  these  is  a 
basin  partly  fiUed  with  treacle,  or  any  other  viscid  liquid, 
which  on  the  occurrence  of  a  shock  capable  of  disturbing  the 
equilibrium  of  the  building  in  which  it  is  placed,  would  be 
tilted  on  one  side,  and  cause  the  liquid  to  rise  in  that  direc- 
tion^  when  a  portion  of  it  would  adhere,  and  show  by  its 
height  above  the  surface  the  degree  of  disturbance  that  had 
taken  place.  But  it  seems  probable,  that  the  time  necessary 
to  overcome  the  vis  inertia  of  a  liquid  like  treacle  would 
exceed  the  duration  of  the  shock,  so  that  this  method  must  be 
regarded  as  uncertain  and  inaccurate. 

*  See  Humboldt's  Pen.  Narr.  vol.  iy.p.  13.       f  Phil*  Trans,  vol.  xviii. 
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Another  method  proposed  is  to  employ  a  pEndulntn  pro- 
vided with  a  bitof  chalk,  which  should  mark  on  a  ruled  board 
the  extent  of  its  ordinary  osciUations.  Any  earthquake-shock 
would  throw  it  from  its  centre,  and  the  degree  of  deviation 
would  be  marked  upon  the  board  by  the  chalk. 

Professor  John  Forbes  has  invented  an  improvement  upon 
this  instrument,  of  which  he  has  given  a  description  in  the 
Edinburgh  Philosophical  Transactions*. 

It  consists  of  a  vertical  metal  rod  A,  B,  having  a  hall  of 
lead  C,  moveable  upon  it.  It  is  supported  upon  a  cylindrical 
steel  wire  D,  which  is  capable  of  being  made  more  or  less  stiff 
by  pinching  it  at  a  greater  or  lesser  length  by  means  of  the 
screw  E. 

A  lateral  movement,  such  as  that  of  an  earthquake,  which 
carries  forward  the  base  of  the  machine,  can  only  act  upon 
the  matter  in  C  through  the  medium  of  the  elasticity  of  the 
wire,  and  the  direction  of  the  displacement  will  be  indicated 
by  the  plane  of  vibration  of  the  pendulum. 

The  following  wood  cut  ^'^ives  a  section  of  this  iiistrutnent 
of  Professor  Forbes's  invention  j —  
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The  self-registering  part  of  the  apparatus  consists  of  a 
segment  of  a  sphere  H,  I,  K,  made  of  copper  and  lined  with 
paper,  against  which  a  pencil  h,  inserted  in  the  top  of  the 
pendulum-rod,  is  gently  pressed  by  a  spiral  spring.  The 
marks  thus  traced  on  the  concave  surface  indicate  at  once  the 
direction  and  greatest  extent  of  the  pendulum's  vibration. 

Mr.  Mallet*  has  invented  a  very  ingenious  form  of  appa- 
ratus adapted  for  registering  both  the  vertical  and  horizontal 
movements,  but  one  whose  use  will  be  limited  by  the  neces- 
sity of  employing  a  constant  galvanic  battery.  Were  earth- 
quake-shocks as  frequent  in  their  occurrence  as  rain,  wind, 
and  other  meteorological  phsenomena,  the  necessity  for  con- 
stant vigilance  would  be  the  means  of  maintaining  the  instru- 
ment in  working  order ;  but  when  they  happen  only  three  or 
four  times  a  year,  or  even  less,  an  apparatus  that  requires 
such  frequent  overlooking  would  scarcely  fail  to  be  neglected, 
and  therefore  might  not  be  available  at  the  time  wanted* 
Seismometers  have  not  as  yet  been  much  employed  in 
countries  where  shocks  are  frequent;  but  within  the  last 
few  years  a  register  of  those  felt  at  Comrie  in  Perthshire 
has  been  kept  by  the  aid  of  these  instruments,  so  that  the 
force  and  duration  of  some  of  these  movements  are  now 
determined  t. 

It  seems  to  be  well  ascertained,  that  a  great  number  of  the 
most  remarkable  earthquakes  spread  over  the  surface  round 
a  common  centre  in  a  concentric  form,  like  the  ripples  on 
the  surface  of  water  when  a  stone  is  thrown  into  it,  or  like 
the  shocks  arising  from  the  explosions  of  a  mine. 

Such,  according  to  the  account  given  of  it  by  Hamilton  J, 
was  the  case  in  the  great  earthquake  of  Calabria,  the  focus 
and  commencement  of  which  was  the  most  southern  district 
of  Calabria,  from  its  extreme  point.  Capo  delle  Armi,  as  far 
as  the  contracted  portion  which  lies  between  the  two  bays  of 
Euphemia  and  Squillace. 

•  Dynamics  of  Earthquakes,  Proceedings  of  the  Royal  Irish  Academy, 
vol.  xxi.  p.  1. 

t  British  Association  Reports,  vol.  xiii.  p.  83. 
X  Phil.  Trans,  vol.  Ixxiii. 
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TIlia  part  of  Italy  ia  separated  from  the  rest  of  tlie  penin- 
sula by  a  wide  flat  tract  of  ground  about  twenty-four  miles 
long  and  six  or  eight  wide:  within  this  space  was  concen- 
trated the  first  and  most  violent  of  the  shocks,  which  made 
such  fearful  ravages  about  the  little  town  of  Op|)ido.  Next 
in  violence  were  the  shocks  which  took  place  at  Messina ; 
and  even  farther  off,  in  the  Lipari  Islands,  according  to  Spal- 
]iinzani,the  effects  were  very  remarkable*. 

The  circumstances  were  very  similar  in  the  case  of  the 
earthquake  of  Lisbon,  the  focus  of  which  unhappily  seemed 
to  lie  almost  underneath  that  populous  cityt- 

Here  also  shocks  were  experienced  in  all  directions  round 
this  central  point,  as  at  the  Azores,  at  Cadiz,  in  several  parts 
of  England,  aud  even  more  slightly  iu  Switzerland, 

This  earthquake  affords  the  best  example  on  record  of  the 
extent  of  ground  over  which  some  of  these  great  natural 
convulsions  diffuse  themselves.  It  has  been  computed,  that 
the  above-named  shock  pervaded  an  area  of  7(X),000  geogra- 
phical miles,  or  the  twelfth  part  of  the  circumference  of  the 
globe,  comprising  all  the  Spanish  peninsula — being  felt  at 
Cadiz,  Gibraltar,  Malaga,  Madrid, — and  extendiug  to  the 
Pyrenees  and  to  Pravence. 

Shocks  sufficient  to  damage  bouses  were  ex  erieaced  at  the 
same  time  in  many  parts  of  the  Alps ;  slighter  ones  at  Oeneva 
and  Neufchatel ;  but  at  Como,  Tiirin  and  Milan,  taking  place 
with  considerable  force.  Vesuvius,  which  had  shown  signs  of 
commotion  previously,  became  tranquil  on  the  day  of  the 
earthquake. 

North  of  the  Alps  it  was  noticed  at  Augsburg ;  the  hot 
springs  of  Tiiplita  were  disturbed  at  the  same  time,  though 
the  neighbouring  ones  of  Carlsbad  continued  unaffected ;  nay, 
even  in  Norway  and  Sweden  the  lakes  were  obsened  to  be  in 
a  state  of  commotion. 

At  Gluckstadt,  on  the  borders  of  the  Elbe,  the  sea  rose 
and  sunk  in  a  remarkable  manner  ;  in  Cornwall  the  waters 
rose  as  much  as  eight  or  ten  feet,  and  swept  a«ay  several 
small  vessels;  whilst  on  many  p;irts  of  the  coast  the  same 
pha[^nomenon  was  observed,  and  even  in  Scotland  the  waters 

*   Dolomiou,  p.  57.  t    Pbil.  Trniis.  ITS.'.. 
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of  Loch  iMMtidf  Loch  Ness^  Loch  Katrine^  &c.,  rose  above 
their  banks. 

On  the  apposite  side^  many  places  in  Morocco,  such  as 
Tetdan,  Tangiers,  Fe2,  &Ci,  were  overturned,  and  shocks  were 
experienced  in  the  Canary  Islands  and  the  Azores. 

But  what  was  more  remarkable,  the  West  Indian  Islands 
sympathised  in  the  movement,  and  the  sea  surrounding  them 
ftssumed  a  black  tint,  perhaps  from  bitumen,  whilst  at  the 
same  time  Boston,  New  York  and  Philadelphia  were  sensibly 
ftfiected. 

Another  central  earthquake  was  the  one  which  befell  the 
Rhenish  provinces  and  the  Netherlands  in  1828*.  It  was 
then  remarked,  that  the  strongest  shocks  were  in  the  neigh- 
bourhood of  Brussels,  Waterloo,  Liege,  and  Maestricht,  in 
a  space  which  had  the  form  of  an  ellipse.  From  this  central 
point  the  shocks  radiated  from  east  to  south-east  in  West- 
phalia, and  west  to  Middelburg  and  Vliessingen. 

More  commonly,  however,  the  direction  of  volcanos  is 
linear,  and  coincides  with  that  of  some  chain  of  mountains. 

Even  in  the  earthquakes  of  Calabria  already  referred  to,  a 
certain  tendency  to  a  linear  movement  may  be  traced ;  for 
although  the  first  and  most  severe  of  the  shocks  experienced 
appeared  to  have  for  its  centre  Oppido,  and  was  felt  not  only 
by  the  district  to  the  north,  south,  and  west,  but  also  by  that 
to  the  east  of  this  spot, — notwithstanding  the  intervention  of 
the  Apennine  chain, — ^for  the  town  of  Oerace  suffered  severely, 
yet  of  the  shocks  that  succeeded,  the  first  had  its  foctu  at 
Soriano,  and  the  second  at  Oirifaico,  both  which  places  lie, 
like  Oppido,  upon  the  western  flank  of  the  mountain  ridge, 
and  along  a  line  which,  if  prolonged  to  the  south,  would  in- 
tersect the  latter  locality* 

Hence  it  would  appear,  that  even  in  central  earthquakes 
the  impelling  force  is  situated  along  a  particular  line  of 
country,  although  at  the  points  at  which  it  is  exerted  in  its 
greatest  intensity,  the  vibrations  are  propagated  with  greater 
or  lesser  violence  in  all  directions  round. 

Palassou,  who  has  described  the  earthquakes  of  the  Pjrre- 

*  Poggend.  Ann.xiii.  Noggerath  has  also  given  an  account  of  the  same. 
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nees,  remarks,  that  they  in  general  follow  the  direction  of 
chain  from  W.N.W.  toE.S.E. 

Gray*  has  pointed  out,  that  those  which  took  place 
England  in  1795  were  from  south-west  to  north-east,  parallel 
to  the  direction  of  the  strata. 

In  equinoctial  America  the  same  law  seems  to  prevail  still 
more  constantly.  But  there  are  here  two  linea  of  moun- 
tains :  one  that  of  the  CordillcrRS,  which  runs  from  north  to 
south ;  the  other  placed  nearly  transversely  to  the  former, 
extending  from  the  island  of  Trinidad  alonn;  the  coast  of  New 
Andalusia,  Venezuela,  Caraccus,  to  New  Granada,  nearly  from 
west  to  east. 

In  ft  line  with  both  these  ranges  frightful  earthquakes  have 
occurred,  as  at  Lima,  Callao,  Riobamba,  Quito,  Pasto,  Cu- 
mana,  Caraccaa,  &c.,  by  which  40,000  persons  have  been 
known  to  be  at  one  time  destroycdf.  In  all  these  cases  the 
greater  effects  have  not  only  been  confined  to  the  range  of 
mountains,  but  have  pursued  the  direction  of  the  coast. 

Thus,  in  the  dreadful  earthquakes  which  in  1746  destroyed 
Lima  and  Callao,  the  shocks  followed  this  line  from  north  to 
south.  In  the  last  great  earthquake  which  took  place  in 
1822,  Miss  Graham  reports,  that  the  ground  seemed  to  her 
to  be  heaved  up  in  the  same  line,  and  Humboldt  states  the 
same  with  reference  to  the  earthquake  of  Cumana  in  1797i 
and  to  others. 

In  some  rare  cases  earthquakes  have  taken  a  course  across 
the  line  of  the  mountains,  but  the  shocks  are  then  generally 
weak.  In  the  Apennines  one  occurred  in  1828  across  from 
Voghera,  by  Bocchetta,  to  GenoaJ.  Other  instances  are 
given  as  happening  in  the  Cordilleras^,  and  in  the  Tyrol||. 
Thus  at  Mendoza,  a  city  situated  on  the  eastern  side  of  the 
Cordilleras,  the  great  earthquake  of  1S35,  which  destroyed 
Conception,  was  feltlf,  although  it  did  no  damage, 

•  Phil.  Trans.  vo[.  ivixvi. 

t  Humboldt's  Personal  Narrative 

X  Poggend,  Ann.  vol.  ^nv. 

$  Humboldt's  Personal  Narrative,  vol.  iv, 

II  Von  Hoff,  Pogg.  Ann.  vol.  iviii. 

U  DarwiD,  Gcol.  Trans,  vol.  v. 
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The  range  of  country  along  which  linear  earthquakes  ex- 
tend, though  perhaps  not  equal  to  that  which  has  been 
observed  in  what  have  been  called  central  ones,  is  never- 
theless very  considerable.  Thus  those  of  Chili  are  stated  by 
Humboldt  to  extend  as  high  up  as  the  Gulf  of  Guayaquil, 
along  a  range  of  600  leagues. 

Darwin,  in  a  masterly  paper  in  the  Geological  Transac- 
tions, vol.  v.,  has  discussed  the  evidence  in  favour  of  the 
coincidence  between  those  great  physical  convulsions  which 
occurred  in  the  years  1834  and  1835  in  South  America,  and 
concludes  that  the  cause  which  produced  the  earthquake  at 
Conception,  affected  the  coast  along  a  line  of  more  than  2000 
miles. 

In  like  manner  in  the  shock  of  1837  which  took  place  in 
Syria,  the  vibration  was  felt  ^^  on  a  line  500  miles  in  length 
by  90  in  breadth.^^ 

The  duration  of  earthquakes  is  in  general  very  short  in 
comparison  with  the  destruction  which  they  occasion.  The 
catastrophes  which  have  ruined  whole  cities  and  provinces  are 
indeed  the  work  almost  always  of  a  single  instant*.  The 
Caraccas  were  destroyed  by  three  shocks,  each  lasting  about 
three  or  four  seconds,  and  the  whole  not  occupying  the  space 
of  a  minute.  In  Calabria  that  of  1783  lasted  only  two  mi- 
nutes, and  that  of  1692  in  Jamaica  was  completed  in  three. 
The  dreadful  one  at  Lisbon  lasted  about  five  minutes ;  but  the 
first  shock,  which  was  the  worst,  occupied  only  firom  five  to 
six  seconds. 

The  most  terrible  destruction  of  life  is  occasioned  by  those 
earthquakes  that  take  place  without  any  previous  warning, 
as  was  the  case  at  Lisbon,  where,  as  the  shock  happened 
about  nine  o'clock  in  the  morning,  on  the  Feast  of  All 
Saints,  almost  the  whole  population  was  within  the  churches, 
owing  to  which  circumstance  no  less  than  30,000  persons 
perished  by  the  fall  of  these  edifices.  That  of  Calabria  and 
of  Lima  was  equally  unexpected,  and  therefore  equally  fatal. 
In  general  however  a  slight  shaking  of  the  ground  precedes 
the  more  violent  shocks,  and  in  countries  subject  to.  earth- 
quakes it  is  the  custom  with  the  people,  on  the  least  agitation 

*  Humboldt's  Personal  Narrative. 
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of  the  ground,  to  run  out  of  their  lioiises,  and  take  shelter  in 
some  open  space  at  a  distance  from  all  buildings.  In  Sicily 
an  alarm-bell  is  rung  when  any  such  sensation  is  expe- 
rienced. 

The  earthquake  is  ofUn  preceded  or  accompanied  by  a  sub- 
terranenn  noise,  which  has  been  compared  to  the  rolling  of 
thunder.  Humbuldt  saya  it  consists  of  slight  detonations, 
following  each  other  with  greater  or  lesser  rapidity.  That  it  is 
propagated  through  the  ground,  and  not  through  the  air,  ap- 
pears from  its  being  sometimes  heard  in  wells  and  minea 
when  not  audible  on  the  surface.  Unlike  sound  propagated 
through  air,  it  seems  to  reach  spots  at  ditferent  distancea 
one  from  the  other  at  the  same  Instant  of  time.  Of  this 
Humboldt*  gives  several  examples. 

'Die  same  writer  often  alhidcs  to  the  remarkable  under- 
ground thunder  which  was  heard  at  Guanaxuato  in  1784, 
from  the  9th  to  the  12th  of  February,  not  followed  by  any 
earthquake,  and  which  in  other  places  creates  as  httle  alarm 
as  summer  lightning  with  us.  Burehcll  mentions  having 
heard  cxploeiona  like  those  of  a  cannon  at  the  Cape  of  Good 
Hope ;  in  this  instance  also  not  the  forerunner  of  any  earth- 
quake. Of  these  subterranean  noises,  some  of  the  most  re- 
markable were  those  heard  at  the  island  of  Melida^  oppovte 
Ragusa  in  Dalmatiat- 

In  March  1822  the  inhabitants  were  startled  for  the  first 
time  by  a  noise,  which  was  mistaken  for  a  cannonading  either 
at  sea  or  on  the  neighbouring  coast;  but  this  not  proving 
to  have  been  the  cause,  they  were  obliged  to  refer  it  to  some 
subterranean  movement  underneath  their  island.  It  con- 
tinued at  intervals,  and  on  the  23rd  of  August  1823  was 
followed  by  an  earthquake,  by  which  a  portion  of  one  of  the 
highest  mountains  in  the  island  was  severed  from  the  rest. 
The  recuiTence  from  time  to  time  of  these  noises  caused  [so 
much  alarm,  that  the  inhabitants  thought  of  emigrating  in  a 
body  to  the  continent  of  Ualmaliu.  In  consequence  of  this, 
two  naturalists,  Fartsch  and  llieppell,  were  sent  by  the  Au- 
strian government  to  report  upon  the  facts  j  they  remained 
a  month  on  the  island,  during  which  time  they  heard  these 

•   IVr.soiinl  Niirrative,  vol.  iv. 
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detonations  on  seven  days,  on  one  of  which  there  was  a  slight 
earthquake. 

The  Commissioners  on  their  departure  expressed  their 
opinion  that  there  was  no  ground  for  alarm;  nevertheless^ 
the  detonations  have  continued  from  time  to  time,  and  if  the 
report  given  in  a  recent  journal*  be  correct,  it  would  appear 
that  in  1843  an  active  volcano  broke  out  in  the  island* 

In  countries  that  have  experienced  one  destructive  earth- 
quake, a  recurrence  of  minor  shocks  is  for  some  time  after- 
wards to  be  apprehended.  Humboldt  states  that  after  the 
dreadful  one  of  Cumana,  in  1766,  the  earth  was  agitated  for 
fourteen  months  consecutively,  so  that  the  wretched  survivors 
were  afraid  to  rebuild  their  ruined  habitations.  At  Lisbon^ 
in  1735,  the  shocks  continued  from  the  1st  of  November  to 
the  9th  of  December,  when  an  earthquake  occurred  not  much 
inferior  in  point  of  violence  to  the  first.  

Spallanzanif  states  the  same  thing  with  respect  to  Calabria, 
and  other  writers  to  those  of  Lima,  Caraccas,  and  the  West 
Indian  Islands. 

No  description  of  rocks  appears  to  be  exempt  from  earth- 
quakes ;  thus  the  granite,  gneiss  and  mica-slate  of  the  Cor- 
dilleras are  affected  equally  with  the  secondary  rocks  of  the 
Italian  mountains  and  the  tertiary  formations  of  Sicily,  a 
proof  that  the  processes  which  occasion  these  catastrophes  lie 
deeper  in  the  bowels  of  the  earth  than  the  extreme  limit  to 
which  the  above  rocks  extend,  and  may  consequently  pervade 
them  all  in  an  equal  degree. 

Nevertheless,  there  is  a  difference  between  the  mode  of 
propagation  of  the  earthquake- shocks,  connected  with  the 
nature  of  the  rocks  through  which  their  course  lies. 

It  is  reasonable  indeed  to  expect,  that  in  a  uniform,  un- 
broken range  of  mountains,  undulations  should  spread  equally 
all  around,  like  the  ripple  on  the  surface  of  a  pool  of  water; 
but  that  when  the  rocks  are  divided  into  tabular  masses, 
between  which  cavities  and  fissures  exist,  or  when  loose  and 
irregular  blocks  are  interposed  between  the  strata,  there  would 

*  Jameson's  Journal,  vol.  xxxvi.  p.  202,  on  the  authority  of  the  Oazzetta 
di  Milano. 

t  Voyages  dans  Ics  deux  Sidles. 
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be  a  varintion  in  the  relative  intensity  of  the  Bhocks  id  one 
direction  and  in  another. 

The  biNtory  of  earthquakes  fully  confirms  this  expectation. 
It  IE)  in  general  remarked,  that  ihe  shocks  are  less  destructive 
on  hard  rocks  than  on  those  of  a  loose  consistence.  Thus  at 
Messina,  that  part  of  the  city  that  lay  on  alluvial  or  tertiary 
rocks  was  more  damaged  by  the  earthquake  than  the  other 
which  had  for  its  foundation  {granite*. 

Similar  instances  nre  given  in  the  cases  of  Jamaica,  the 
Pyrcneest  and  Calabria,  and  thia  irregularity  in  the  transmis- 
sion of  the  shocks  may  account  for  earthquakes  being  expe- 
rienced in  one  locality,  whilst  aaother  near  it  escapes  entirely. 
In  countries  exposed  to  earthquakes  there  arc  certain  spots 
which  seem  always  affected,  and  others  always  exempt  from 
the  catastrophe,  and  the  latter  are  called  by  the  natives  of 
South  America  brUlgeg,  an  expression  by  which  they  intimate 
their  i^^llef  that  nature  has  stretched  some  unyielding  material 
over  the  stratum  which  propagates  the  shdcksj. 

Sometimes  however  this  source  of  security  fails,  for  the 
peninsula  of  Araya,  which  had  for  many  centuries  escaped  the 
earthquakes  that  had  afflicted  Cumana,  became  itself  the  very 
focus  of  the  one^  which  took  place  in  1797- 

It  had  been  remarked  by  the  ancients  ||,  that  hoUowaofaDy 
kind,  such  as  grottos,  wells,  quarries,  tend  to  preserve  from 
destruction  houses  placed  over  them.  With  this  impression 
the  Romans  made  deep  excavations  underneath  the  Capitol,  in 
order  to  preserve  that  part  of  their  city  from  the  shocks  of 
earthquakes  ;  iiud  Capua,  which  abounds  in  deep  wells,  has 
suffered  less  than  any  town  in  its  vicinity  from  this  cause. 

PolilJ  ascribes  to  this  circumstance  the  exemption  which 
Naples  enjoys,  and  as  to  other  parts  of  the  globe  a  similar 
remark  has  been  made. 

The  agitations  ore  not  confined  to  the  land,  but  are  often 
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felt  also  at  sea.  Thus  in  the  earthquake  of  Lisbon,  about 
an  hour  after  the  most  violent  of  them,  the  sea  suddenly 
rose  on  the  mouths  of  the  Tagus,  and,  though  the  ebb  had 
begun  two  hours,  and  the  wind  blew  off  land,  attained  the 
height  of  forty  feet,  sweeping  away  3000  persons  from  the 
quay  where  they  had  taken  refuge  to  avoid  the  fall  of  the 
houses  in  the  town,  receding  again  as  quickly,  and  then 
returning  three  or  four  successive  times,  although  with  dimi- 
nishing force  on  each  occasion.  The  whole  west  coast Jpf 
Portugal  suffered  from  this  rise  of  the  sea,  which  at  Cadiz 
amounted  to  sixty  feet. 

Similar  occurrences  are  related  at  Jamaica,  Lima,  and 
Messina.  At  the  last  place  the  Prince  of  Scilla  and  about 
1400  men  who  were  with  him,  some  in  boats,  others  standing 
on  the  coast,  were  swept  away  by  one  great  wave.  In  some 
cases  ships  at  sea  have  felt  shocks,  which  have  made  all  on 
board  believe  they  had  struck  upon  a  rock. 

We  have  now  considered  the  nature  of  the  movement  pro- 
pagated through  the  ground,  by  each  of  the  three  descriptions 
of  earthquake  popularly  distinguished  by  those  nations,  which 
have  enjoyed  the  unenviable  privilege  of  observing  them  most 
frequently. 

But  although  in  a  treatise  of  this  description  we  have  prin- 
cipally to  deal  with  facts,  upon  which  to  ground  certain 
general  inferences,  with  respect  to  the  connexion  of  these 
phsenomena  with  Volcanos,  and  the  light  which  they  are  capa- 
ble of  shedding  upon  the  operation  of  this  Force,  it  may  not 
be  uninteresting  or  uninstructive  to  touch  briefly  on  another 
branch  of  the  subject,  belonging  perhaps  more  properly  to  the 
mathematician  than  to  the  naturalist,  in  which  the  various 
modifications  of  earthquake-shocks,  and  the  several  modes  of 
their  propagation,  are  referred  to  one  common  principle,  and 
explained  in  accordance  with  mechanical  laws.  This  is  a 
question  altogether  independent  of  the  one  which  will  be  after- 
wards discussed  concerning  the  original  cause  of  the  earth- 
quake itself; — ^it  takes  up  the  inquiry  at  the  point  to  which  I 
have  brought  it  in  my  preceding  remarks,  and  seeks  to  learn 
merely  what  kind  of  motion,  however  produced,  that  must  be, 
which  will  fulfil  the  requisite  conditions  observed,  namely — 
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that  it  shall  move  with  such  aii  immense  velocity  as  to  dis- 
place bodiee  by  their  inertia— that  it  shall  have  a  horisontal, 
alternate  motion,  cither  much  quicker  in  one  direction  than 
in  another,  or  differeot  in  its  effects — and  that  it  shall  be 
accompitnied  by  an  upward  and  downward  motion  at  the 
same  time. 

This  particular  branch  of  the  inquiry  was  formerly  pursued 
by  Mr.  Mitchell,  of  Queen's  College,  Cambridge,  in  a  paper 
published  in  the  FhJI.  Trans,  for  1760. 

He  there  auggests,  that  the  motion  of  the  ground  during  an 
earthquake- shock  is  due  to  a  wave  propagated  along  its  sur- 
face from  a  point  where  it  has  been  produced  by  a  sudden 
impulse.  Tttis  impulse  he  conceives  to  arise  from  the  rapid 
production  or  condensation  of  aqueous  vapour,  under  the  bed 
of  the  ocean,  brought  about  by  the  agency  of  volcanic  heat. 

Mr.  Mallet,  in  an  elaborate  paper  lately  published  in  the 
Proceedings  of  the  Royal  Irish  Academy,  which  has  been 
already  referred  to,  attempts  to  follow  out  the  consequences 
that  would  result  trom  an  impulse  of  this  kind  imparted  to 
the  solid  strata  of  the  eurth,  according  to  the  known  laws  of 
waves  or  pulses  in  aeriform,  liquid  and  solid  bodies. 

First  then,  the  original  impulse  may  either  be  on  land,  as 
in  a  volcanic  region  situated  in  the  heart  of  a  great  continent 
or  island,  or  it  may  lie  beneath  the  bed  of  the  ocean.  The 
l;itter  Mr.  Mallet  considers  to  be  the  more  frequent,  and  the 
more  formidable,  because  on  land  there  are  vents  provided, 
which  prevent  the  exertion  of  the  same  force  that  comes  into 
operation  at  the  bottom  of  the  sea. 

Now  in  the  former  case  an  elastic  wave  is  propagated 
through  the  solid  crust  of  the  earth  as  well  as  through  the 
air,  and  transmitted  from  the  former  to  the  ocean  ivater,  where 
it  U  finally  spent  and  lost. 

In  the  latter  case,  on  the  contrarj-,  the  original  impulse 
comes  from  under  the  ocean  itself,  and  consequently  three 
sorts  of  waves  are  formed  and  propagated  simultaneously ; 
namely  one  or  more  successively  through  the  land;  one 
through  the  air,  producing  a  sound  like  the  bellowing  of 
oxen,  the  rolling  of  waggons,  or  distant  thunder;  and  a  third 
ujion  the  surface  of  the  ocean,  which  rolls  in  to  land,  and 
reaches  it  long  after  the  shuck  or  wave  through    the  solid 
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earth  has  arrived  and  spent  itself.  There  is  also  a  fourth  wave 
(of  sound  merely)  propagated  through  the  mass  of  the  ocean 
water  likewise,  with  a  velocity  far  greater  than  the  former, 
which  will  reach  the  land,  and  be  heard  there  as  a  sound,  long 
before  the  great  surfaoe-wave  will  have  rolled  in. 

With  regard  to  the  first  of  these,  namely  the  earth-wave 
of  shock,  it  may  be  remarked,  that  we  have  abundant  instances 
of  vibratory  motions  propagated  through  solid  matter  with 
immense  velocity.  Thus  any  powerful  blow,  such  as  the 
letting  down  of  the  roof  of  a  colliery,  the  fall  of  a  large  stone^ 
such  as  one  of  the  large  masses  at  Stonehenge,  and  the  ex- 
plosion of  a  powder-magazine,  has  been  known  to  cause  a 
vibration  like  an  earthquake  felt  to  a  great  distance.  The 
earth-wave,  while  passing  under  the  deep  water  of  the  ocean^ 
gives  no  trace  of  its  progress ;  but  when  it  arrives  in  soundings, 
and  gets  into  water  more  and  more  shallow,  it  causes  an  un- 
dulation also  upon  the  siurface  of  the  water.  Thus  the  earth- 
wave,  when  it  approaches  the  shore,  is  attended  with  a  small 
sea- wave ;  but  as  its  velocity  is  very  great,  it  slips,  as  it  were, 
from  under  the  latter,  and  produces  a  momentary  elevation  of 
the  beach  at  the  time  of  its  reaching  it,  owing  to  which  the 
sea-wave  which  follows  in  its  wake  seems  to  recede  from  the 
shore  in  the  first  instance,  and  immediately  afterwards  to  flow 
up  higher  than  the  usual  tidal  mark.  This  may  explain  the 
recession  and  subsequent  rise  of  the  sea  at  the  period  of  the 
occurrence  of  an  earthquake.  When  the  earth-wave  passes 
abruptly  from  a  formation  of  high  elasticity  to  one  of  low 
elasticity,  or  vice  versd,  it  will  be  partly  reflected,  a  wave 
being  sent  back  again,  producing  a  shock  in  the  opposite 
direction ;  and  partly  refracted,  or  its  course  changed ;  and 
thus  shocks  will  occur  both  upwards  and  downwards,  and  to 
the  right  and  lefl  of  the  original  line  of  transit. 

Hence  shocks  are  found  to  do  most  damage  at  the  line  of 
junction  of  the  deep  diluvial  plains  with  the  slates  and  gra- 
nites of  the  mountains,  as  was  the  case  in  Calabria. 

I  proceed  next  to  the  great  sea-wave,  which,  though  gene- 
rated at  the  same  moment  as  the  earth-wave  already  discussed, 
travels  more  slowly,  and  therefore  arrives  at  the  coast  some 
time  afler  it,  as  has  been  remarked  by  Darwin.  The  damage 
done  by  this  will  be  greater  when  the  coast  is  shallow,  because 
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when  the  depth  of  the  boo  clone  to  land  is  not  equal  to  the 
clevatiuu  of  the  wave,  the  latter  will  topple  over  and  form 
breakers,  whereas  in  deep  water  it  will  only  spread  itself  upon 
the  rocks.  In  the  former  cuae  it  will  be  divided  into  several 
waves,  according  to  the  height  of  the  original  wave  and  the 
depth  of  the  water ;  in  the  latter  it  will  be  single.  The 
great  sea-wave  may  likewise  be  distorted  by  change  io  the 
depth  of  water,  as  the  earth-wave  may  be  by  change  of  strata, 
See.,  and  hence  they  may  not  be  felt  on  the  same  part  of  the 
uooHt.  The  tissurea  caused  in  the  strata  by  an  earthquake, 
which  are  sometimes  permanent,  but  more  frequently  daae 
up  again  immediately,  Mr.  Mallet  explains  by  the  strain  pro- 
duced by  the  earth-wave  in  the  course  of  its  propagation. 
The  amount  of  the  fissures  will  be  dcterraiued  by  the  d<^ree 
of  elasticity  of  the  rock  itself;  so  that  a  shock  passing  through 
a  crystallized  igneous  rock  of  great  elasticity,  and  conse- 
quently not  liable  to  fracture,  may  become  spread  over  more 
space,  and  thus  be  weaker  in  comparison  to  what  it  had  been 
previously,  or  become  afterwards,  when  transmitted  through 
strata  where  the  elasticity  was  less. 

But  how  are  we  to  explain  the  converse  of  this,  namely  the 
fact  that  earthquake-shocks  from  a  distant  quarter,  or  from  a 
great  depth,  are  felt  in  crystalline,  whilst  unperceived  in  soft 
stratified  rocks  ? 

Mr.  Mallet  rcfcTs  this  to  the  principle,  that  the  latter,  al- 
though more  affected  by  a  shock,  do  not  propagate  it  so  far; 
hence  the  wave  is  transmitted  by  crystalline  rocks  to  a  greater 
distance  than  throU{;h  stratified  ones. 

Without  ibllowing  Mr.  Mallet  in  his  detailed  explanation 
of  the  various  accidents  of  earthquakes,  arising  from  inter- 
fi-reiices  in  several  waves,  and  from  other  causes  of  the  same 
kind,  I  will  just  recapitulate  the  order  of  the  successive  phte- 
nomcua  which  present  themselves,  according  to  this  writer, 
in  the  case  of  an  earthquake  affecting  a  maritime  tract. 

First,  we  have  the  earth-sound  wave,  and  the  great  earth- 
wave  or  shock  ;  the  sound-wave  throufrh  the  air  ;  the  sea-wave 
occurring  at  the  time,  which  he  calls  the  forced  sea-wave ;  and 
the  great  sea-wave ;  all  originating  at  the  same  moment,  and 
priiiliiccd  by  one  iinpulwe. 

The  sound-wave  ihiimgh  (he  ciirtli,  and  llic  jrreat  earth- 
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wave  or  shock  arrive  first,  and  are  heard  and  felt  on  land, 
accompanied,  as  far  as  the  beach,  by  the  small  sea-wave  called 
the  forced  sea-wave ;  these  are  almost  instantly  succeeded  by 
the  sound-wave  through  the  sea ;  next  arrive  the  aerial  waves 
of  sound,  and  continue  to  be  heard  for  a  longer  or  shorter 
time,  and  finally  the  great  sea-wave  rolls  in  upon  the  shore. 

Such  is  the  sequence  of  phsenomcna  when  the  earthquake 
takes  place  under  the  bed  of  the  ocean :  when  it  occurs  on 
land,  the  great  sea-wave  is  necessarily  wanting,  although  dis- 
turbances may  occur  in  consequence  of  the  falling  of  masses 
of  rock  into  the  water,  which  may  be  mistaken  for  it. 

The  velocity  of  the  land-wave  and  that  of  the  accompany- 
ing sea-wave  being  ascertained,  it  would  seem  possible  to 
determine  the  distance  (out  of  sea)  from  the  spot  afiected  at 
which  the  earthquake  originated.  But  the  former  will  vary 
with  the  nature  of  the  rock  through  which  it  is  transmitted, 
for  the  harder  and  more  elastic  the  rock  is,  the  greater  will  be 
the  velocity  of  the  earth-wave  produced,  and  vice  versd. 

Now  whilst  the  elasticity  of  cast-iron  is  5*895,  that  of  lime- 
stone varies  from  2*400  to  '635 — slate  being  7*800 — Portland 
stone,  1"570 — white  marble,  2*150.  From  these  data  we  may 
calculate  that  the  velocity  of  the  wave-transit  per  second — 

Feet.         Miles. 
in  Limestone  (soil  lias)  was     3640         40  per  minute. 

Sandstone 5248         57  99 

Portland  stone      ...     5723         63  „ 

Marble 6696         73  „ 

Carboniferous  limestone     7075         78  ,, 

Clay-slate 12757       140  „ 

\  Now  the  observed  speed  of  the  great  Lisbon  earthquake, 
*  according  to  Mitchell,  was  only  1750  feet  per  second,  the  dif- 
ference being  assignable  to  breaches  of  continuity  and  other 
causes  of  retardation.  The  sea-wave  on  the  contrary  had  not 
one-tenth  of  that  velocity,  or  did  not  travel  more  than  175  feet 
per  second ;  so  that  if  the  interval  of  time  between  the  two 
was,  as  is  reported,  half  an  hour,  the  focus  of  the  impelling 
force  would  have  been  about  sixty  miles  distant  from  the  land. 

It  will  be  perceived,  that  we  have  here  spoken  of  only  one 
kind  of  movement,  namely  an  undulatory  one,  instead  of  the 
three  which  have  been  above  distinguished;  but  this  is  be- 
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caiisp,  acconiing  to  the  views  of  Mr.  Mallet,  they  may  all  be 
rcclueed  to  this  one.  The  undulafory  and  vertical  he  imagines 
to  difTer  one  from  the  other  only  in  the  magnitude  of  the 
earth-wave  produced.  If  this  be  small,  a  horizontal  motion 
will  alone  be  perceived ;  when  great,  a  vertical  a«  well  as  a 
horizontal  shock  are  occasioned.  1  must  however  refer  my 
renders  to  Mr.  Hopkins's  forthcoming  memoirs*  for  other 
modes  of  explanation. 

I  have  already  stated,  that  the  most  destructive  kind  of 
earthquake-Bhock  ia  the  vorticose,  the  reality  of  which  seems 
to  be  attested  by  several  very  curious  elFecta  occasionally  ob- 
served. One  of  these  was  seen  after  the  celebrated  earthquakes 
of  Calabna,  in  the  twisting  of  the  two  obelisks  mentioned 
abovef;  and  Mr.  Mnllet  instances  several  cases  of  a  similar  de- 
scription— aaatDoston,  in  New  England,  in  1755;  at ValpanuBO 
in  1822  ;  and  at  Conception  in  1835  ;  but  conceives  that  the 
phienomenon  may  be  referred  to  the  same  kind  of  motion  as 
the  two  former,  with  this  difference  only,  "that  the  centre  of 
adherence  between  the  ground  and  the  base  of  the  object 
moved  was  neither  directly  under  the  centre  of  gravity,  nor 
in  the  plane  of  motion  passing  through  its  centre  of  gravity ; 
but  in  some  point  of  the  base  outside  the  line  of  its  intersec- 
tion by  the  plane  ;  in  which  case  the  effect  of  the  rectihnear 
motion  in  the  plane  of  the  base  will  be  to  twist  the  body 
round  upon  its  bed,  or  to  move  it  laterally,  and  twist  it  at  the 
same  time,  thus  converting  the  rectilinear  into  a  curvilinear 
motion  in  space ;  the  relative  amount  of  the  two  compounded 
motions  being  dependent,  U|)on  the  velocity  and  time  of  move- 
ment of  the  base,  and  upon  the  perpendicular  distance  mea- 
sured horizontally  at  the  surface  of  adherence  between  the 
centre  of  adherence,  and  the  centre  of  gravity  of  the  body." 

This  explanation  liowever  of  the  nature  of  an  earthquake- 
shock  leaves  it  quite  open  to  us  to  assume  any  cause  that 
may  in  our  opinion  accord  with  the  other  phsenomena,  as  the 
Agent  producing  it.  1  shall  therefore  proceed  in  the  next 
chapter  to  consider  the  concomitants  of  the  shock,  with  the 
view  of  determining,  how  far  they  are  referable  to  volcanic 
action,  or  are  in  accordance  with  those  that  usually  attend 
upon  an  eruption. 

Reports  for  1847.  +   P.igc  510. 
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CHAPTER  XXXIII. 

ON  EARTHQUAKES. 

The  concomitants,  bpfects,  causes,  and  physical  changes  bbought 
ABOUT  BY  them. — Flames  and  gases  emitted  during  earthquakes.— Their 
influence  upon  the  barometer. — Physical  changes  resulting  from  them — 
fissures  in  the  earth — elevations  and  depressions  of  the  land  occasioned. 
— Connexion  between  earthquakes  and  volcanos — shown  in  the  case  of 
that  of  Lisbon — the  Caraccas — the  West  Indies — Scotland. — Earth- 
quakes do  not  arise  from  electricity — or  from  the  falling-in  of  caverns. 
Their  probable  influence  upon  the  structure  of  the  globe— in  elevating 
and  submerging  tracts  of  land,  &c. 

In  the  last  chapter  our  attention  was  principally  directed  to 
the  nature  of  the  shock  experienced  during  earthquakes.  In 
this  my  object  will  be,  first,  to  consider  their  connexion  with 
volcanos,  and  then  to  point  out  the  probable  influence  they  have 
exerted,  or  are  likely  to  exert,  upon  the  surface  of  the  globe. 

It  may  facilitate  our  understanding  of  the  former  depart- 
ment of  our  subject,  if  we  point  out  in  the  first  place  certain 
other  phaenomena,  which  take  place  during  any  of  these  great 
natural  convulsions,  tending  to  illustrate  rather  the  cause  than 
the  cliaracter  of  the  shock. 

Thus  earthquakes  are  not  unfrequently  accompanied  by  the 
emission  of  flames  and  gases  from  the  ground.  Half  an  hour 
before  that  of  17^7  &t  Cumana,  a  strong  smell  of  sulphur 
was  perceived  on  a  hill  where  the  subsequent  agitation  was 
strongest. 

During  the  shocks,  flames  burst  forth  from  the  banks  of 
the  river  Manzanares,  and  even  from  the  water  in  the  bay  of 
Cariaca  In  the  mountains  of  Cumana9oa,  as  well  as  in  the 
Steppes  of  New  Andalusia,  flames  frequently  issue  from  the 
ground,  flickering  for  hours  on  the  same  spot,  and,  as  it  has 
been  asserted,  (I  know  not  how  truly,)  without  burning  the 
trees,  or  altering  the  nature  of  the  soil  *. 

Similar  observations  were  made  at  Lisbon  during  the  earth- 

•  Humboldt,  Pers.  Narr.  vol.  ii. 
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qiiiike  of  1755,  Qod  at  Jainnira  u  black  cloud,  which  obscured 
the  air,  burst  forth  from  fiBSurcs  in  tht  ground. 

During  the  great  eartliquakea  of  the  Abruzzi  in  1/02  and 
1 703,  water  and  stones  were  projected  in  large  quantities  and 
to  a  grout  height  from  the  ground  near  Aquila,  0.  city  which 
Mas  Jaid  in  nuns  hy  this  catastrophe.  Humboldt  relates  the 
same  as  happening  also  at  Cumana,  and  Dolomteu  in  Calabria. 

The  shocks  which  took  place  in  the  valley  of  the  Mississippi 
during  the  years  1811,  1812,  and  1613,  caused  near  New 
Madrid  great  fissures,  from  whence  smoke  and  steam  issued, 
and  even  flatnes  are  reported  to  have  been  observed  proceed- 
ing from  the  same  apertures  *. 

During  the  earthquake  of  1828  at  Cumana,  an  English 
vessel  in  the  harbour  was  suddenly  enveloped  in  mist,  and 
a  noise  like  that  of  distant  thimdcr  was  heard.  At  the  same 
time  a  shock  was  felt,  and  the  surrounding  water  hissed  as 
if  a  hot  iron  had  been  introduced  in  it,  sending  up  a  number 
of  bubbles,  accompanied  by  a  smell  of  sulphur.  Multitudes 
of  dead  fish  floated  on  the  surface  t- 

On  weighing  anchor,  it  was  found  that  one  of  the  chains 
which  connected  it  with  the  vessel,  lying  on  soft  tnud,  had 
been  melted,  and  the  rings,  which  were  two  Inches  in  diameter, 
had  been  stretched  lo  the  length  of  three  or  four  inches,  and 
become  much  thinner  than  before. 

These  gases  and  vapours  may  occasionally  exert  an  influ- 
ence u])on  the  barometer,  which  docs  a])|)ear  to  be  indirectly 
affected  by  some  earthquakes.  Their  sensible  properties  also 
may  occasion  that  uneasiness  which  animals  are  said  to  evince 
before  any  such  event.  Thus,  according  to  the  accounts  of 
some  writers,  rats  and  mice  leave  their  holes — alligators  seek 
the  dry  land — quadrupeds  snuff  the  ground,  and  manifest 
such  signs  of  the  impending  calamity,  that  in  countries  where 
earthquakes  are  common,  the  inhabitants  take  the  alarm  in 
consequence,  and  escape  from  their  houses  J.  It  is  rigiit  how- 
ever to  add,  that  more  recent  authorities  dispute  altogether  the 
correctness  of  these  statements. 

*  Consult  Lycll's  Principles,  5th  cJilion, 
+  Kurussac,  Bull.  torn.  xvii. 

J  Pali  gives  a  remarkable  account  uf  this  in  his  Meinuiia  ncl  Trcniuoto 
(11  i<i  JuglJo  I80S,  p.  4S 
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I  next  proceed  to  the  changes  which  earthquakes  have 
brought  about  on  the  surface  of  the  globe. 

If  we  were  to  rely  upon  the  accounts  transmitted  to  us  of 
earthquakes  observed  within  recent  periods,  we  might  per- 
haps conclude  that  they  affected  the  surface  but  slightly,  and 
were  chiefly  influential  in  bringing  about  the  destruction  of 
the  frail  works  of  man. 

Thus  the  most  common  effects  narrated  as  arising  from 
them  are  of  the  following  description : — 

The  wavy  nature  of  the  shocks,  which,  as  we  have  seen,  is 
the  one  of  most  ordinary  occurrence,  occasions  such  a  stretch- 
ing of  portions  of  the  ground,  as  sometimes  to  split  it  asunder. 
Hence  amongst  the  consequences  resulting  from  it  in  the  earth 
itself,  fissures  are  the  most  frequent.  Thousands  of  such  rents 
occurred  during  the  earthquake  of  Calabria,  and  at  Catania, 
in  1818,  the  walls  of  the  houses  opened  and  then  closed  again 
in  consequence.  In  the  same  district,  these  fissures  generally 
follow  some  given  direction,  as  in  the  Mississippi  valley  from 
S.W.  to  N.E- 

Elevations  and  depressions  of  the  land  are  phaenomena  less 
frequently  recorded,  but  for  instances  of  them  we  may  refer 
to  the  earthquake  of  Lisbon,  which  caused  the  rise  of  a  little 
creek,  until  that  time  always  containing  twelve  feet  of  water, 
but  now  elevated  above  the  sea-level. 

In  that  of  Calabria,  some  of  the  houses  of  the  town  of 
Terra-nuova  were  elevated  above  their  former  level,  whilst 
others  were  depressed ;  and  near  Cossolito,  Dolomieu  relates 
that  a  house  was  heaved  up  several  hundred  feet  without 
sustaining  any  damage. 

In  Lancerote,  two  pyramidal  rocks  of  basalt  were  heaved 
up  on  the  coast,  after  the  volcanic  eruption  of  an  adjacent 
mountain  *. 

But  the  most  authentic  instance  of  upheaval,  as  a  con- 
sequence of  earthquakes,  was  that  recorded  by  Miss  Graham 
OD  the  coast  of  Chili,  where  in  1822-23  a  succession  of 
shocks  occurred,  and  where  the  whole  coast  for  a  length 
of  twenty  miles  was  elevated  with  the  utmost  regularity  as 
much  as  thiee  or  four  feet.  Shells  adhering  to  the  rocks 
were  just  brought  above  the  sea^s  level,  and  it  was  remarked 

*  Humboldt,  Personal  Narrative,  vol.  i. 
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that  raised  beaches,  caused  by  similar  conruUions,  mifrfat  be 
traced  nloni^  the  coast,  at  n  height  of  tifty  feet  abow  the  pre- 
sent  level  of  the  sea. 

The  chants  pmditced  br  earthqiiakcx  in  the  neighbour- 
hood of  Cutch,  although  contined  within  a  smaller  compaas, 
are  even  more  remarkable :  but  these  have  been  already  de- 
tailed in  the  21st  chu|jter  of  this  work. 

I  may  also  refer  to  the  I2th  chapter  for  the  piirticulan 
concerning  the  temple  of  Serupis  at  PuzzuuU,  which  sJTords 
a  remarkable  example  of  the  alternate  sinking  and  rising  of 
the  coast;  but  I  tber«  omitted  to  state  that,  according  to  Mr. 
Smith  of  Jordan  Hill,  a  second  subsidence  is  taking  place, 
for  the  observations  he  has  made  and  collected  lead  him  to 
suppose  that  the  c^round  ha^  now  begun  to  sink  a  second  time. 

Other  similar  phenomena  occur  in  various  parts  ol'  the 
■ame  coast,  and  in  Sicily  the  occurrence  of  beds  of  aheUs, 
mostly  of  living  species,  at  a  considerable  height  above  the 
sea,  favours  the  same  conclusion. 

In  short,  there  seems  to  be  great  reason  for  supposing,  that 
earthquakes  have  on  many  occasions  heaved  up  new  tracts  of 
land  above  the  sea,  as  well  as  depressed  others  below  ita  level. 

We  have  lastly  to  consider  the  connexion  between  earth- 
quakes and  volcanos. 

This  is  in  the  first  place  borne  out  by  the  occurrence  of 
earthquakes,  in  the  neighbourhood  of  volcanos,  and  as  a  pre- 
lude to  their  eruptions,  the  shocks  increasing  in  violence  until 
the  mountain  relieves  itself  by  discharging  its  contents.  This 
is  generally  observed  at  Vesuvius  and  Etna ;  and  when  the 
wreath  of  smoke  disappears  from  the  summits  of  Tungiiragua 
and  Cotopaxi,  earthquakes  arc  expected.  Chimbora9o  also 
exhibits  the  same  alternation  of  earthquakes  and  eruptions. 

In  some  places  indeed,  where  dreadful  earthquakes  have 
taken  place,  as  at  Lisbon,  Calabria,  the  Caraccas,  and  the 
Mississippi  valley,  volcanos  do  not  occur;  but  it  is  very 
natural  that  where  a  vent  is  wanting,  volcanic  action  should 
give  rise  to  earthtiuakes  of  the  worst  kind.  It  is  remarkable 
that  during  that  of  Lisbon,  Vesuvius  exhibited  a  very  un- 
common appearance  in  the  column  of  smoke  proceeding  from 
it.     During  the  earthquake  of  Calabria,  Stromboli,  for  the 


ARISE  FROM  VOLCANIC  FORCES.  5S1 

first  time  within  the  memory  of  man,  ceased  to  show  signs  of 
activity,  and  in  Peru,  the  volcano  of  Pasto  had  at  the  begin- 
ning of  1797  emitted  a  dense  black  column  of  smoEe,  which 
having  on  the  Ist  of  February  ceased,  was  immediately  fol- 
lowed by  the  teh*ible  earthquake  of  Riobamba,  in  winch 
40,000  persons  perished. 

But  the  chain  of  connexion  between  earthquakes  and  vol- 
canos  is  best  shown  by  going  through  the  series  of  events  of 
this  nature  enumerated  by  Humboldt  *,  which  took  place  in 
1811  and  1812  in  the  Western  world. 

First,  the  island  of  Sabrina  in  the  Azores  rose  suddenly 
from  the  sea  fradi  ii  depth  of  120  feet,  with  vident  earth- 
quakes and  a  disengagement  of  smoke  and  flames.  Soon 
after  this  severe  shocks  continued  from  May  1811  to  April 
1812,  in  the  smaller  West  India  islands,  800  miles  distant^ 
and  espedally  at  St.  Vincent,  that  is,  in  the  neighbourhood 
of  one  of  the  most  active  volcanos  in  that  archipelago.  The 
shocks  extended  to  the  continent  of  North  America,  where 
occurred  the  violent  earthquakes  of  the  valley  of  the  Missis^ 
sippi.  During  this  time,  in  December  1811,  an  earthquake 
took  place  in  the  Caraccas,  and  in  March  1812  occuired  <he 
terrible  one  which  ruined  that  city,  and  continued  till  the 
Sth  of  April.  At  last,  on  the  30th  of  April  1812,  the  volcano 
of  St.  Vincent,  which  had  been  quiet  since  17I8,  burst  out 
with  a  tremendous  explosion,  and  the  shock  extended  to  the 
Rio  Apore,  in  the  Steppes  of  Caliibozo,  at  a  distance  of  210 
miles.  Thus  ended  this  great  concatenation  of  volcanic  out- 
breaks and  of  earthquakes,  the  greater  part  of  the  events 
occurring  on  the  coasts,  and  in  the  interior,  of  the  Oulf  of 
Mexico,  which  is  included  between  the  continents  of  North 
and  South  America. 

Mr.  Darwin  has  drawn  up  a  similar  series  offsets  connected 
with  the  earthquake  of  Conception  in  1835 1« 

On  January  20th,  1834,  a  dreadful  earthquake  took  pkoe 
near  the  city  of  Pasto,  lat.  1^*15  north,  in  which  the  town  of 
Santiago  was  swallowed  up.  On  May  22nd,  Santa  Martha, 
lat.  11^'30,  was  thrown  down  by  an  earthquake. 

♦  Pcr».  Narr.  vol.  iv. 

t  See  also  Gemellaro  on  the  Meteorological  Phstoomena  of  Moiiirt 
Etna,  extracted  in  the  Journal  of  Sctenee,  vol.  xiv. 
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September  7tli,  violent  earthquakes  occurred  in  Jamaica. 

lB,i5,  January  20th,  Owrno,  lat.  40°'35  ;  Aconcagua,  lat. 
32°'12  south ;  and  Coecguina,  in  lat.  13°  north,  were  umulta- 
neously  in  a  state  of  eruption. 

February  12th,  an  earthquake  was  felt  at  sea,  of  great  vio- 
lence off  the  coast  of  Guiana. 

February  20th,  Juan  Fernandez  had  a  submarine  eruptioii 
— Conception  and  the  neighbouring  towns  were  destroyed, 
and  the  ronfit  |>ermanently  elevated.  The  volcanos  aloag 
the  whole  length  of  the  Cordillera  of  Chih  were  in  eruption. 

November  llth,  severe  earthquakes  took  place  at  Concep- 
tion ;  and  Osorno  and  Corcovado  were  in  violent  action, 

December  5th,  Osomo  fell  in  with  a  grand  explosion. 

Now  if  the  synchronous  eruptions  of  Osomo,  Aconcagua, 
and  Coseguina  are  admitted  to  arise  from  the  same  cause, 
that  cause  must  have  simultaneously  acted  along  a  line  of 
more  than  2000  miles. 

Lastly,  the  occurrence  of  eruptions  in  places  where  there 
-are  no  tnie  volcanos,  during  the  continuance  of  earthquakes, 
may  be  regarded  as  the  strongest  proof  of  the  connexion  be- 
tween the  two. 

Thus,  during  the  earthquake  of  Lisbon,  columns  of  smoke, 
as  we  have  seen,  burst  forth  from  fissures  in  the  ground  j  at 
Aquila  in  the  Abruzzi,  stones,  water,  smoke,  flames,  and  sul- 
phureous vapours  were  disengaged;  and  at  Messina,  flames. 

In  Euboea,  it  is  related  by  Strabo  that  earthquakes  con- 
tinued, till,  in  the  Lelantine  fields  near  Chalcls,  the  earth 
opened,  and  a  stream  of  mud  (or  lava*)  was  emitted.  During 
the  earthquakes  of  the  Caraccas  torrents  of  water,  and  on  the 
coast  of  Venezuela  immense  volumes  of  mud,  called  in  the 
country  Mot/a,  filled  valleys  of  1000  feet  in  breadth  to  a 
depth  of  600  feet.  This  Moya  was  a  brownish-black  mass, 
containing  blocks  of  glassy  felspar  and  pumice,  ammonia, 
silica,  alumina,  lime,  and  a  little  oxide  of  iron,  so  that  it  con- 
stituted in  fact  a  kind  of  volcanic  tutf. 

These  facts  may  be  sufficient  in  themselves  to  establish 

a  connexion  between  earthquakes  and  volcanos,  and  the  only 

question  that  can  arise,  relates  to  those  feeble  shocks,  which 

•  Page  330. 
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manifest  themselves  in  a  few  places  apparently  very  remote 
firom  all  indications  of  igneous  action. 

At  Comrie,  near  Crieff  in  Perthshire,  shocks  have  been 
very  frequent  during  the  last  fifty  years,  and  the  earthquake 
of  1839  was  felt  there  more  strongly  than  in  any  other  part 
of  Scotland*.  In  1841,  it  appears  that  one,  capable  of 
aflfecting  the  seismometer,  occurred  on  the  26th  of  July,  and 
another  on  the  30th,  which  split  the  walls  and  damaged  the 
chimneys  of  houses.  A  pretty  severe  shock  took  place  also 
on  the  9th  of  September  1841 ;  and  again  on  the  8th  of 
June  1842,  when  the  seismometer  indicated  an  upheaval  of 
about  a  quarter  of  an  inch  f. 

Slight  earthquake-shocks  have  likewise  been  noticed  in 
^veral  parts  of  England,  especially  in  Sussex,  and  in  many 
other  countries  apart  from  all  existing  volcanic  vents. 

It  must  however  be  recollected,  that  Conurie  lies  not  very 
far  from  the  extinct  volcanos  of  the  Western  Islands,  and 
that  in  Sussex  uplifted  lines  of  hills  exist,  which  seem  to 
show  that  volcanic  fires  have  been  at  work  formerly  in  that 
part  of  the  world. 

In  whatever  way  however  we  may  deal  with  these  few 
exceptional  cases,  the  evidence  seems  complete  as  to  a  con- 
nexion subsisting  between  the  more  violent  shocks,  and  those 
igneous  processes  which  I  have  described  in  a  former  portion 
of  this  work. 

The  only  other  hypotheses  indeed  by  which  earthquakes 
have  been  accounted  for,  are,  that  of  Stukeley,  who  refers 
them  to  subterranean  discharges  of  electricity,  and  that  of 
Buffon,  who  attributes  them  to  the  falling-in  of  caverns  exist- 
ing in  the  interior  of  the  globe. 

The  arguments  that  have  been  from  time  to  time  adduced 
in  favour  of  the  electrical  theory  are  vague  and  inconclusive : 
they  are  drawn  from  some  fanciful  analogy  between  the  noise 
and  shock  accompanying  lightning,  and  those  which  are  ex- 
perienced during  an  earthquake ;  from  the  extreme  rapidity 
with  which  the  motion  is  propagated ;  from  the  electrical 
state  of  the  air  both  before  and  after  an  earthquake;  and  from 

^  See  British  ABSociation  Reports,  vol.  x.  p.  49. 

t  Mr.  David  Milne's  Report,  do.  vol.  xi. ;  see  also  vols.  xii.  and  xiii. 


Sn  BABTHQLAKKS 

the  sulphureous  smell  sometimes  perceived,  which  is  thought 
to  resemble  that  produced  by  the  electrical  shock. 

Electrical  phtcnomena  indeed  are  common  during  the  con- 
tinuance of  volcanic  eruptions,  produced  in  all  probability  by 
the  evolution  of  large  quantities  of  steam  and  other  elastic 
fluids,  the  decomposition  and  subsequent  regeneration  of 
water,  and  other  processes  that  accompany  these  grand  ope- 
rations of  nature. 

Moreover,  the  late  discoveries  made  with  regard  to  the 
opposite  electrical  condition  of  mineral  veins,  and  of  the  rocks 
containing  them,  may  lead  U3  to  believe,  that  much  remains 
to  be  learned  with  regard  to  the  agency  of  this  mysterious 
power  in  the  interior  of  the  earth  ;  although  it  is  not  easy 
to  persuade  ourselves,  that  in  the  solid  strata  of  the  globe, 
consisting  as  it  does  of  conductors,  the  same  accumulation 
of  electricity  can  ever  take  place,  as  that  which  produces  the 
phsuomena  of  thunder  and  lig-htning  in  the  atmosphere. 

Nor  indeed  are  the  facts  observed  of  sucii  a  nature  as  to 
baffle  our  attempts  at  referring  them  to  their  more  obvious 
cause,  volcanic  processes,  more  especially  when  we  are  re- 
minded of  the  rapidity  with  which  undulations  are  propagated 
through  solid  matter,  as  has  been  fully  entered  into  in  the 
last  chapter,  and  as  was  illustrated  by  Qay-Lusaac,  by  the 
shock  produced  by  the  head  of  a  pin  set  to  vibrate  at  one  end 
of  a  long  beam,  which  he  found  to  be  distinctly  perceptible  at 
the  other. 

With  regard  to  the  theory  of  Buffon,  it  may  be  sufbcient 
to  observe,  that  the  existence  of  cavities  in  rocks  can  only  be 
supposed  to  arise  from  one  of  two  causes — something  con- 
nected either  with  their  original  formation,  as  in  the  case  of 
limestones,  or  with  the  convulsions  that  have  subsequently 
affected  them. 

Now  with  regard  to  the  first,  it  is  highly  improbable  that 
any  great  sinking  of  hollows  that  have  existed  for  so  long  a 
period  should  take  ]>lace  at  the  present  day ;  and  with  re- 
spect to  the  second,  the  very  existence  of  such  hollows  implies 
the  previous  exertion  of  volcanic  agency,  for  we  know  of  no 
other  cause  in  nature  competent  to  heave  iip  rocks  in  the 
manner  necessary  to  produce  such  cavities. 
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We  seem  then  to  be  justified  in  the  conclusion^  that  earth- 
quakes arise  from  a  peculiar  exertion  of  the  same  force,  some 
of  the  more  manifest  efiects  of  which  we  have  already  traced, 
when  describing  the  operations  of  volcanos. 

We  have  also  seen,  that  earthquakes  have  in  various  in- 
stances produced  considerable  changes  in  the  configuration 
of  the  earth's  surface,  elevating  certain  portions  of  the  land 
and  depressing  others,  altering  the  course  of  rivers,  producing 
deep  fissures  in  the  solid  strata,  and  converting  dry  land 
into  sea. 

The  preceding  chapters,  in  which  volcanic  phsenomena 
came  before  us,  afibrded  incidentally  various  other  instances 
of  the  same  class  of  effects,  which,  to  avoid  needless  repeti- 
tion, tare  here  omitted ;  but  the  changes  thus  noted  are  insig- 
nificant and  unimportant,  compared  with  those  which  ana- 
logy suggests  as  the  probable  effects  of  the  same  forces, 
operating  during  an  immense  period  of  tim^  and  in  a  much 
greater  number  of  localities. 

We  have  already  (Chapter  XXV.)  pointed  out  the  proba- 
bility, that  extensive  areas  of  land  in  the  Pacific  Ocean  are 
gradually  subsiding ;  but  this  seems  to  imply,  as  a  concomi- 
tant at  least,  if  not  as  a  cause,  the  elevation  of  other  tracts  of 
equal  dimensions,  and  that  such  is  really  the  case  in  South 
America  ha&  been  lately  shown  by  the  important  investiga- 
tions of  Mn  Darwin. 

This  distinguished  naturalist,  during  the  exploring  expe- 
dition in  which  he  accompanied  Captain  Fitzroy,  had  an 
opportunity  of  examining  various  portions  of  the  eastern 
coast  of  South  America,  firom  the  Rio  de  la  Plata  to  the  Straits 
of  Magellan,  and  Ukewise  a  considerable  part  cf  the  western 
coast  as  far  north  as  Lima,  in  both  of  which  tracts  he  found 
reason  to  conclude,  that  the  coast  had  been  raised,  for  a  di- 
stance of  at  least  1180  miles,  to  a  height  of  100  feet  in  the 
province  of  La  Plata^  and  of  400  feet  in  Patagonia. 

In  many  places  however  the  elevation  had  been  much  more 
eonsideraUe,  there  being  in  Patagonia  a  succession  of  raised 
beaches,  severally  350,  200,  and  80  feet  above  the  se%  the 
steep  escarpments  dividing  the  several  beaches  being  due  to 
the  action  of  the  waves  during  the  period  at  which  the  pro- 
cess was  proceeding.     The  terraees  are  all  covered  with 
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rolled  pebblen,  intermixed  with  which  are  sheila  belonging  to  ' 

existing  species ;  so  that  these  discoveries  appear,  as  it  were, 
I         to  supply  the  conuecting  link  between  the  every-day  opera- 
'         tions  of  earthquakes,  and  processes  which  have  been  instru- 
mental in  upheaving  the  HoLd  fabric  of  our  continents. 

North  and  Soalk  Seclhii  acrou  Ihr  TVrracM  boHmUmg  the  valUf  o^  Iki 
River  Sa»  Cnix,  high  up  itt  cowKe. 


-y^\ 


The  height  of  each  terrace  above  the  level  of  the  river  is  shown  by  the 
□umber  under  it.  Horizontai  distance  much  coDtractud.  (Darwin,  South 
America,  p.  100 

On  the  western  coast  evidences  of  upheaval  were  observed 
at  the  island  of  Chlloe,  at  Conception,  at  Valparaiso,  at 
Coquimbo,  and  at  Callao,  the  port  of  Lima ;  and  this  up- 
ward movement  would  seem  to  have  occurred  at  intervals, 
and  in  some  parts  almost  continuouslj,  from  lat.  45'^-35  to  12° 
south,  a  distance  of  not  less  than  2i)~b  mites.  The  upheaval 
seems  to  have  amounted,  at  Chtloe  to  350  feet;  at  Con- 
ception  certainly  to  fi25,  and  by  estimation  to  1000  feet;  at 
Valparaiso  to  l.SOO  feet;  at  Coquimbo  to  150  feet;  but  at 
Lima  only  to  85  feet  since  the  period  at  which  the  country 
was  inhabited  by  the  Aborigines — remains  of  human  art 
having  been  met  with  on  the  raised  terrace  at  that  elevation. 

Now  that  this  upward  movement  has  in  some  cases  been 
due  to  earthquakes,  docs  not  admit  of  doubt.  The  island  of 
St.  Mary's,  near  Conception,  for  instance,  was  elevated  eight, 
nine,  and  ten  feet  during  the  great  earthquake  of  1835,  and 
Valparaiso  about  three  feet  during  that  of  1822. 

In  these  cases  the  upheaval  was  sudden;  hut  Mr.  Darwin 
contends,  in  opposition  to  the  opinion  of  his  great  rival  ob- 
seiicr,  M.  D'Orbigny,  that  the  coast  of  Patagonia  at  least 
has  been  brought  to  its  present  level  by  a  very  slow  and 
gradual  movement,  which  was  continued  during  a  succession 
of  ages,  though  iTiterrupted  by  occasional  pauses,  and  even 
altirnating  with  subsidences. 
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Such  an  inference  however  by  no  means  prechides  the 
notion,  that  the  Agent  may  in  this  instance  have  been  essen- 
tially the  same  as  in  the  former. 

The  more  indeed  one  considers  those  phaenomena,  which 
are  confessedly  connected  with  volcanos,  the  more  reason  one 
finds  for  believing,  that  gradual  as  well  as  sudden  alternations 
of  level  have  equally  resulted  from  their  operations. 

How  different  in  kind,  as  well  as  degree,  is  the  sinking  of 
the  Temple  of  Serapis  near  Naples,  in  which  the  very  pillars 
remain  upright,  from  the  engulfment  of  the  mountain  Papan-^ 
dayang  in  Java,  or  the  depression  of  the  valley  of  the  Jordan  1 
yet  who  ^*ill  doubt  that,  although  the  one  was  gradual,  and 
the  two  latter  were  sudden  events,  they  were  all  alike  the  con- 
sequences of  volcanos  ?  So  likewise  the  upheaval  of  the  coast 
of  Chili^  which  seems  to  have  resulted  from  a  gradual  move- 
ment, may  have  arisen  from  a  modification  of  the  same  cause 
as  the  elevation  of  the  Puy  de  D6me,  or  of  JoruUo,  both  which 
must  have  been  sudden  and  violent  operations. 

And  in  like  manner,  the  elevation  of  the  land  in  Scandi- 
navia and  in  Chili  may  be  referable  to  the  same  volcanic 
agency,  although  the  former  goes  on  silently,  imperceptibly, 
without  the  intervention  of  any  earthquake-shocks,  and  far 
remote  from  any  appearances  of  volcanos ;  whereas  the  other 
is  not  only  attended  with  earthquakes,  but  may  also  be  con- 
jectured to  have  been  at  certain  epochs  brought  about  by  a 
sadden  and  violent  upheaval,  from  the  boulders  which  over^ 
spread  the  continent,  and  which,  according  to  Mr.  Hopkins, 
have  been  distributed  over  the  face  of  the  country  by  a  wave 
of  translation,  caused  by  the  rising  of  a  large  mass  of  land 
from  the  bosom  of  the  ocean. 

But  in  alluding  to  these  latter  subjects,  I  feel  myself  enter» 
ing  upon  speculations  which,  if  indulged  in,  would  soon  carry 
me  beyond  the  limits  prescribed  for  this  Treatise,  in  which 
my  endeavour  has  been,  rather  to  collect  together  materials 
for  a  future  Theory  of  the  Earth,  than  to  construct  one 
myself. 

I  will  leave  it  therefore  for  the  geologists  of  another  age  to 
explain,  why  the  upheaval  of  continents  should  take  place 
gradually  in  one  part  of  the  globe,  and  by  starts  in  another; 
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only  remarking,  that  aa  we  have  examples  of  both  these  move- 
meats  in  couDtriea  subject  to  earthquakes,  and  beset  with  vol- 
canos,  it  Beems  more  philosophical  to  attribute  the  gradual 
elevation  of  contioents  in  all  cases  to  volcanic  action,  than  to 
assume  the  existence  of  two  independent  causes  to  expUia 
operations  didering  ouly  in  these  subordinate  particulars*. 

*  S«e  howe\'er  the  remarks  of  Darwia,  Lyrlt,  and  iithers  on  this  point. 
I  would  observe  tbnt  Mr.  Darwin,  although  incltocd  to  attribute  the  dc- 
TKtinn  of  mouataiD-chainsgcaerBlly  to  a  slow  and  gradual  movpinent,  doe« 
not  appear  prepared  to  deny  the  reality  of  paroiyimal  cJevalions.  See 
UwL  Tram.  vol.  v.  p.  62*. 
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Bal8B8  or  Mud-Volgano8 — improperly  designated  by  the  latter 
not  being  amongst  the  primary  effects  referable  to  the  action  of  volcanic 
forces. 

Thermal  Sprinos — afford  indications  of  langaid  volcanic  action. — ^This 
proved  by  their  immediate  connexion  vrith  volcanos — active— or  ezttnet 
-—or  where  not  so  circumstanced,  by  being  placed  at  the  foot,  or  in  the 
midsty  of  some  chain  of  mountains  that  has  been  elevated.-— Instances 
of  the  latter  in  the  Pyrenees — in  the  Alps. — Where  not  connected  with 
any  great  system  of  monntmns,  they  often  proceed  from  rocks  which 
show  evidences  of  dislocation. — Examples  of  this,  in  the  thermal  springs 
of  Bristol— of  Matlock — of  Carlsbad — of  St.  Paul  near  Carcassone— of 
Pfeffers — in  those  of  Virginia,  &c. 

In  the  two  preceding  chapters  I  considered  a  claaa  of  phse- 
nomena  which  seem  to  be  connected  with  volcanic  operations 
whilst  in  a  condition  of  intense  activity ;  I  next  proceed  tp 
those  indications  of  their  existence  which  can  be  discovered 
when  they  are  in  a  state  of  apparent  quiescence,  or  when  the 
processes  that  occasion  them  are  going  on  in  a  slow  and  lan- 
guid manner. 

But  before  entering  upon  this  extensive  subject,  it  may  be 
right  to  make  a  few  remarks  upon  a  class  of  phaenomena,  which, 
from  the  name  of  mud-volcanos  frequently  assigned  to  them, 
^lay  be  assumed  to  have  some  connexion  with  the  Agent 
under  consideration. 

As  they  are  seen  only  in  a  very  low  degree  of  development 
in  the  only  volcanic  region  with  which  those  geologists,  whose 
researches  have  been  circumscribed  within  the  confines  of 
Eim)pe,  can  be  familiar,  their  real  nature  seems  to  be  involved 
in  much  uncertainty. 

In  the  chapter  on  Sicily  I  have  related  the  appearances 
that  present  themselves  at  Macaluba,  which  I  can  only  regard 
as  secondary  effects  of  volcanic  agency,  originating  in  local 
accumulations  of  materials  which  may  have  been  brought 


S'lO      8AL8E8  OR  M t7D-VOLCANOS — WHETHER  VOLCANIC. 

together  pertiape  by  the  operation  of  volcanos,  but  do  not 
proceed  directly  from  so  deeply-seated  a  cause. 

The  mud-eruptions  of  Suuth  America,  described  by  Hum- 
boldt, have  clearly  no  connexion  with  such  phenomena  as 
these,  so  that  for  this  as  well  as  for  other  reasons,  the  name 
mnd-volcana  should  be  discanled,  and  that  of  salaea,  by  which 
they  are  also  knonn,  adhered  to. 

That  they  are  in  certain  parts  of  the  globe  important 
geological  agents,  will  not  be  disputed  after  the  statement 
given  in  my  21st  chapter  of  the  physical  changes  produced 
by  their  operation  in  the  Crimea,  the  Black  Sea,  and  the 
Caspian. 

But  to  ascribe  them  to  the  same  cuiiae  as  volcanos  would 
be  obviously  premature,— at  least  until  some  attempt  shall 
have  been  made  to  explain,  why  many  of  their  phsenomena 
are  so  entirely  distinct  from  tliose  proceeding  from  the 
former. 

True  volcanos,  as  we  have  seen,  generate  sulphuretted  hy- 
drogen and  muriatic  acid,  upheave  tracts  of  land,  and  emit 
streams  of  melted  felspathic  materials.  Salses,  on  the  con-^ 
trary,  disengage  little  else  but  carburett^d  hydrogen,  together 
with  bitumen  and  other  products  of  the  distillation  of  coal, 
and  pour  forth  no  other  torrents,  except  of  mud,  or  argilla- 
ceous materials  mixed  up  with  water. 

It  is  nevertheless  far  from  improbable,  from  the  extensive 
scale  in  which  they  appear  to  be  developed  in  the  regions  ex- 
plored by  Sir  Roderick  Murchison,  M.  de  Verneuil,  and  Du- 
bois de  Montpereux,  that  the  reports  which  have  been  circu- 
lated respecting  the  existence  of  burning  mountains  in  Central 
Asia,  and  other  regions  remote  from  the  sen,  which  in  other 
cases  seems  an  essential  condition  to  the  putting  forth  of 
genuine  volcanic  forces,  may  have  originated  in  this  class  of 
phacnomena. 

Such,  as  we  have  seen,  is  the  opinion  of  one  of  the  indi- 
viduals most  conversant  with  the  physical  structure  of  these 
remote  and  little-known  regions  of  the  earth — 1  mean  the  tra- 
veller and  geologist  Erman;  and  with  his  authority  on  the 
other  side,  no  one  in  the  present  state  of  our  knowledge  can 
be  justified,  either  in  building  a  theory  of  volcanos  on  facts 
derived  from  so  apocryphal  a  source  as  that  of  Chinese  or 
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Indian  writers,  or  in  alleging  the  latter  as  objections  to  a 
theory  based  upon  the  concurrent  evidence  of  those  natu- 
ralists who  have  explored  parts  of  the  globe  more  open  to 
investigation* 

Whilst  therefore  I  would  recommend  the  subject  of  Salses 
to  the  consideration  of  my  readers,  and  would  refer  them  to 
this  work  for  a  summary  of  what  is  known  concerning  their 
history,  I  forbear  to  bring  them  forward  in  the  present  de- 
partment of  this  volume,  as  furnishing  facts  that  can  be  safely 
relied  upon  in  illustration  of  the  primary  phaenomena  of  vol- 
canos. 


Of  the  effects  then  resulting  from  a  more  tranquil  and  sub- 
dued action  of  the  forces  we  are  considering,  the  most  remark- 
able are  Thermal  Waters,  or  natural  Springs  possessing  a  tem- 
perature exceeding  that  which  would  be  imparted  to  them  by 
the  mean  of  the  climate  in  the  country  in  which  they  occur. 
But  here  it  will  be  necessary  to  pause,  in  order  in  the  first 
place  to  inquire,  whether  every  minute  excess  of  temperature 
beyond  that  point  is  sufficient  to  make  a  spring  rank  as 
thermal. 

Gustavus  Bischoff  *  indeed  asserts,  that  all  springs  of  con- 
stant temperature  are  somewhat  warmer  than  the  mean  of  the 
climate,  and  according  to  Humboldt,  this  excess  of  tempera- 
ture in  springs  increases  with  the  latitude;  in  Paris,  lat.  48^*50, 
the  mean  temperature  of  the  climate  being  51^*6,  that  of  the 
springs  52^*7 — excess  1*1 ;  at  Berlin,  lat.  52^*31,  the  atmo- 
spheric temperature  being  46^*4,  terrestrial  50^*2 — excess  3^*8, 
indicating  a  rate  of  progression  equal  to  about  0*7  of  a  degree 
of  temperature  for  1°  of  latitude.  But,  on  the  other  hand,  the 
accurate  observations  of  Playfair  have  shown,  that  at  Ekiin- 
burgh,  in  a  still  higher  latitude  than  either,  namely  55^*5ej, 
the  temperature  of  the  springs  is  identical  with  that  of  the 
atmosphere ;  so  that  this  supposed  progression,  it  it  exists  at 
all,  would  seem  to  be  at  least  limited  to  still  higher  latitudes 
even  than  the  latter  locality. 

*  See  his  valuable  memoirs  on  the  Laws  of  Temperature  (Warmelehrt), 
contained  in  the  Edinb.  New  Phil.  Journ.  for  1836,  but  now  published  a 
a  separate  volume. 
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Neither  are  the  obiervations  of  Wahienberg  on  the  S 
dinavian  peninsula*,  nor  those  of  KupfTer  on  the  Ural  nmget, 
absolutely  conclusive  as  to  the  gcticrahtT  of  the  supposed  law, 
even  in  those  still  higher  latitudes  to  which  they  respectively 
refer. 

The  elevation  of  temperature  which  these  wrilcra  show  to 
exist,  may,  for  aught  we  know,  be  confined  to  the  neigh- 
bourhood of  uplifted  chains  of  mountains ;  it  may  be  the  con- 
sequence of  those  great  natural  events  to  which  are  owing  the 
disturbances  there  experienced,  and  consequently  it  may  not 
extend  to  the  great  plains  of  Russia  or  Siberia,  where  no  such 
local  influences  manifest  themselves. 

It  may  however  be  said,  that  the  high  temperature  which 
is  proved  to  pervade  the  interior  of  the  earth,  and  which, 
judging  by  the  very  limited  range  of  human  observations, 
would  seem  to  go  on  progressively  increasing,  suffinently  ex- 
plains the  temperature  of  springs,  which  will  always  exceed 
that  of  the  external  air  in  a  greater  or  lesser  ratio  according 
to  the  depth  from  which  they  have  arisen. 

According  to  the  view  thus  taiten,  all  springs  that  possess 
a  constant  temperature  must  have  been  derived  from  a  point 
where  the  heat  is  permanently  greater  than  on  the  surftce, 
and  the  only  reason  why  one  f^j)ring  is  hotter  than  another 
will  be,  that  it  has  proceeded  from  a  greater  depth  within  the 
earth. 

These  two  propositions  however  ought  to  be  kept  distinct, 
as  the  first  does  not  imply  the  second;  and  whilst  I  am  dis- 
posed to  concede,  that  the  higher  temperature  of  the  interior 
of  the  earth  may  sufficiently  account  for  the  law  which 
Kupfiur  and  Humboldt  have  attempted  to  establish,  sup- 
posing it  to  be  substantiated  by  subsequent  observations,  I 
should  protest  against  the  latter  conclusion,  on  grounds  con- 
nected with  the  phenomena  of  thermal  waters  which  will  be 
afterwards  discussed.  Hence,  removing  from  the  class  of 
"thermal"  all  those  springs  whose  temperature  exceeds  by  no 
more  than  a  few  degrees  that  of  the  atmosphere,  I  shall  proceed 
to  consider  such  only  as  exhibit  some  marked  or  abnormal 
elevation  above  that  standard ;  and  where  this  ocrurs,  inquire 
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whether  there  be  anything  in  the  nature  of  the  phaenomena 
they  exhibit,  or  in  the  character  of  the  rocks  surrounding 
them,  that  may  lead  to  the  suspicion  of  volcanic  agency  beii% 
felt  in  the  country  round  about. 

Now  if  we  take  a  survey  of  the  various  localities  in  which 
hot  springs  occur,  we  shall  find  that  a  very  large  proportion 
of  them  arise  from  rocks,  which  in  their  general  aspect  and 
structure  attest  the  operation  of  volcanic  forces,  at  one  period 
or  at  another. 

Thus  there  is  scarcely  any  volcanic  district  known  in  which 
hot  springs  do  not  abound ;  we  find  them  alike,  on  the  dope  of 
Vesuvius,  and  at  the  foot  of  the  Monte  Nuovo  near  Naples, 
at  Mount  Etna,  in  Iceland,  and  amongst  the  volcanos  of  the 
New  World.  The  connexion  between  the  heat  of  the  springs 
and  the  action  of  the  volcano  is  in  these  cases  perhaps  suffi- 
ciently apparent;  but  the  most  conclusive  instance  of  the 
kind  was  furnished  by  the  event  which  occurred  in  Mexico 
in  the  year  1 759,  when  the  volcano  of  JoruUo  was  suddenfy 
heaved  up  in  the  course  of  a  single  night,  and  the  waters  of 
two  rivers  were  engulfed  in  the  abyss  thereby  occasioned. 
The  rivers  in  this  case  disappeared,  but  in  their  place  there 
rose  out  of  the  ground  several  thermal  springs*,-^a  plain 
proof  that  the  water,  which  entered  the  recesses  of  the  robk, 
had  derived  an  increased  temperature  from  the  volcanic  ope- 
rations there  carried  on. 

Indeed,  without  pausing  to  enumerate  the  principal  localities 
in  which  thermal  waters  occur  in  connexion  with  volcanos, 
of  which  indeed,  so  far  as  relates  to  Europe  and  some  parte 
of  America,  a  list  is  given  in  the  annexed  Table,  I  may  refer 
my  readers  to  the  foregoing  chapters,  in  which  it  will  be  seen 
that  almost  every  region  described  has  its  own  system  of 
thermal  waters  associated  with  it. 

Other  thermal  waters  are  situated  in  the  midst  of  volcanos 
which  are  considered  as  extinct — ^that  is,  which  have  given  no 
indications  of  activity  since  the  country  was  first  inhabited ; 
such  are  those  of  Vichy,  Mont  Dor,  and  Chaudesaigues  in 

♦  See  Chapter  XXX. 
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Auvergne,  of  GlasBhutle  and  Pesth  in  Hungary,  of  To|ilitz 
in  Bohemin,  and  of  Battaglin  among  the  Kiiganeaa  Hills. 
In  these  cases,  it  can  hardly  be  doubted,  th»t  the  cause  of  the 
temperature  of  the  springs  is  intimately  connected  with  the 
volcanic  operations  which  have  at  one  time  occurred,  or  nhicb 
may  be  now  taking  place  in  a  more  suppreaaed  form,  some- 
where in  the  neighbourhood. 

It  is  remarkable  that  the  temperature  of  this  class  of 
springs  is  for  the  most  part  lower  than  that  of  springs  in  con- 
nexion with  active  volcanosjin  which  latter  it  sometimes  falls 
but  little  short  of  the  boiUng-poInt.  Such  is  the  case  with 
the  spring  called  the  Baths  of  Nero  near  Naples,  with  those 
of  New  Zealand,  of  Peru,  &c. ;  and  the  Geysers  of  Iceland,  as 
we  have  seen,  even  exceed  that  point,  at  the  bottom  of  the 
canal  or  reservoir  from  which  the  water  and  steam  ascend. 

On  the  other  hand,  Bourboule,  the  hottest  spring  near  the 
extinct  volcanoa  of  Auvergne,  does  not  exceed  131°;  in  the 
Eifel,  that  of  Bertrich  is  90°  j  in  Hungary,  that  of  Glasshiitte, 
129°,  and  that  of  Buda,  I32\ 

These  are  the  hottest  springs  connected  with  extinct  vol- 
canoa that  I  am  acquainted  with  in  Europe. 

But  there  is  also  a  very  lai^  proportion  of  thermal  waters 
which  appear  to  He  quite  remote  from  volcanos  either  active 
or  extinct,  and  hence  it  becomes  necessary  to  inquire,  what 
the  situations  may  be  in  which  these  are  principally  found. 

Now  it  so  happens  that  a  great  number  of  these  are  met 
with  either  at  the  foot,  or  else  embosomed  in  the  midst,  of 
some  elevated  chain  of  mountains.  Thus  on  the  northern 
declivity  of  the  Pyrenees  we  meet  with  a  succession  of  hot 
springs,  corresponding  nearly  with  the  direction  from  west  to 
east,  in  which  the  chain  itself  extends*. 

Professor  Forbest  and  others  have  likewise  shown,  that  in 
the  majority  of  these  cases  the  springs  have  gushed  out  at  or 
near  to  the  line  of  junction  between  the  granite  or  other 
igneous  products,  and  the  stratified  rock  resting  upon  its 
flanks,  which  from  its  highly  inclined  position  would  seem  to 
have  been  upheaved;  whilst  in  a  few  cases  where  they  occur 
•  For  a  list  uf  ihesf  see  tliP  table  at  the  end  of  chapter  \xxv. 
t  Phil.  Trans.  1830. 
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in  the  midst  of  the  granite  itself,  patches  of  stratified  rock  are 
found  contiguous. 

Thus  the  same  agent  which  forced  up  the  granite  through 
the  axis  of  the  chain,  may  have  given  rise  to  the  hot  springs 
which  accompany  it  just  along  the  line  of  disruption. 

The  following  are  the  details  by  which  this  principle  is 
established : — 

Hot  springs  gush  out  just  at  the  boundary  of  granite  with  a  stra- 
tified rock  at 


Northern 
boundary. 


< 


^Eaux  Chaudes. 
Cauteretz. 

Bagn^res  de  Luchon. 
Lez,  in  Spain. 
Aulus. 
Ax. 


Escaldas.^ 

Dorres.      y  Southern  boundary. 

Aries. 


laas.  1 

B8.        > 
»•         J 


In  stratified  rocks  closely  dependent  upon  granitic  rocks  which 
show  evidence  of  dislocation — 


Eaux  Bonnes. 
Bagn^res  de  Bigorre. 
St.  Sauveur. 


Bareges. 
Caudiac. 
Ussat. 


In  the  heart  of  a  granitic  chain,  but  with  a  patch  of  stratified  for- 
mations near. 


rOlette. 


Vernet 


iet?1 
itg?J 


Eastern  extremity. 


Western  extremity.  |^^^^^  ^^jj^g 

The  details  given  below,  resting  on  the  authority  of  Pro- 
fessor J.  Forbes,  seem  to  justify  this  classification  of  the 
tbermal  waters  of  the  Pyrenees, 

Eaux  Chauoes. 

Limestone  runs  towards  the  granite,  and  is  vertically  elevated  by 
it.     Hot  spring  just  at  the  junction.     Valley  one  of  disruption. 

Eaux  Bonnes. 

Spring  rises  from  limestone,  but  granite  is  found  at  no  great 

distance.  « 

Cauteretz. 

Near  it  are  highly-inclined  strata  of  clay-slate,  which  at  Cauteretz 
contain  much  hornblende.  Granite  rises  in  vast  masses  to  the 
southward,  and  its  point  of  junction  with  the  slate  separates  two 
distinct  groups  of  hot  springs. 

2  N 
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In  limestone,  but  an  outbreak  of  granite  occurs  near  it. 

Caudiac. 
In  limestone  with  patches  of  granite. 

Baokerbs  db  Luchon. 
In  g^ranite  near  its  junction  with  slate. 

Lez,  Vall^b  d'Aran,  IK  Spain. 
Near  the  boundary  of  a  patch  of  granite. 

AULUS. 

Exactly  at  the  junction  of  granite  and  stratified  rocks. 

USSAT,  NBAR  TaRASCON. 

In  limestone,  rocks  very  precipitous,  with  granite  near  it. 

Ax. 

Here  the  granite  forms  a  sort  of  centre  of  elevation,  from  which 
the  country  slopes  in  three  directions,  east,  north,  and  soutii.  Hot 
springs  gush  out  very  abundantly  all  around. 

ESCALDAS  AND  DORRES. 

Springs  rise  from  granite,  as  usual  near  its  junction  with  slate* 

Thuez. 
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In  the  Alps  also  the  numerous  thermal  waters  of  Dauphiny 
Savoy,  Valais,  and  Upper  Piedmont,  lie  partly  in  the  primary 
rocks  of  the  central  chain  itself,  but  in  greater  numbers  at 
their  margin,  on  the  boundary  of  the  primary  and  secondai^ 
formations,  uhere  the  strata  give  indications  of  having  been 
torn  by  some  violent  convulsion.  All  along  the  southern 
declivity  of  the  Alps,  a  continued  chain  of  hot  springs  emerges 
from  the  line  of  junction  of  the  primitive  with  the  newer 
rocks,  which  can  be  traced  fi*om  the  foot  of  Mont  Blanc  and 
the  Great  St.  Bernard,  to  the  volcanic  products  of  the  Euga- 
nean  Hills,  in  which  line  are  found  the  thermal  waters  of  St« 
Didier,  Acqui,  Pelegrino,  Bormio,  M asimo,  Caldiefo,  Abano, 
Battaglia,  and  Monte  Ortoni. 

But  independently  of  the  general  presumption  which  may 
be  entertained,  that  thermal  waters  occurring  in  the  immediate 
vicinity  of  chains  of  mountains  owe  their  temperature  to  the 
same  volcanic  cause  by  which  the  elevation  of  the  range  had 
been  brought  about,  there  are  certain  peculiarities  of  position 
in  each  instance  which  tend  in  general  to  strengthen  the  same 
conclusion. 

I  have  already  stated,  that  in  the  Pyrenees  they  approximate 
in  most  cases  to  the  line  of  junction  between  the  intrusive 
and  the  sedimentary  rocks — the  motive  force,  and  the  mass 
moved, — whilst  in  many  they  are  found  near  the  axis  of  the 
chain,  in  some  valley  penetrating  deeply  into  the  interior  of 
the  rocks  of  which  the  ridge  is  composed. 

Thus  M.  De  la  Rive,  sen.,  has  observed  *,  that  in  the  Alps 
the  hot  baths  of  St.  Gervais  are  situated  exactly  on  the  spot 
which,  of  all  others,  combines  most  completely  the  conditions 
of  approaching  in  the  nearest  degree  to  the  centre  of  the 
chain,  and  being  at  the  same  time  least  elevated  above  the 
level  of  the  ocean. 

In  many  cases,  as  in  the  valley  of  Mont  Dor,  the  fissure 
itself  would  appear  to  have  been  caused  by  a  disruption  of 
the  rocks  consequent  upon  the  upheaval  of  the  chain,  and  at 
any  rate  the  position  is  one  which  brings  them  into  nearer 
proximity  to  the  supposed  cause  of  the  heat.  Such  too  is 
the  case  at  Barnes,  Cauteretz,  and  St.  Sauveur,  in  the 
Pyrenees. 

*  Bibliotheque  Britannique. 
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It  19  nmariablc,  that  the  hot  firing  of  Aix  in  Pnmaee 
giMhea  out  jiut  about  the  point,  at  which  the  Hat  of  elervlwa 
belonging  to  the  PyruMM  would  be  inlenMrted  bj  another 
line  that  iboukl  rrpirsmt  the  rlcrration  of  the  Daufibinf  Alps, 
a  poaitioo  in  which  the  chaons  of  volcanic  agency  manifest- 
iiig  itaclT  are  of  oouree  doubled. 

But  here  another  drciunstance  may  be  pointed  out  wh^h 
adiU  greatly  to  ll>c  probability  that  tbeir  origin  i^  of  a  rolcanic 
nature — I  mean  the  contiguity  of  these  springs  to  some  re- 
markabte  dialocatioiis  of  the  strata,  which  hare  been  pointed 
out  by  Sir  it,  Murchisou  and  &fr.  Lyell  In  their  Memoir  on 
the  Frcahwatcr  Fonnations  of  thia  district*. 

Now  the  same  inference  bad  been  already  deduced  by 
myacif  with  reference  to  eeveral  of  the  thcnna]  waters  of 
BoussUlon  which  I  examined  in  the  summer  of  lS30t. 

In  keveral  cases,  aa  at  Alette,  Rcnnes,  and  Campagnc,  a 
change  of  dip  seemed  to  occur  just  where  the  springs  bunt 
out,  coupled,  in  the  case  of  Alette,  with  the  fact  of  the  gorge, 
tlirough  which  the  river  Aude  passes  just  before  it  reaches 
the  locality  of  the  spring,  being  highly  abrupt,  and  placed  at 
right  angles  to  the  general  direction  of  the  valleys  contiguous, 
— circumstances  which,  taken  together,  suggest  the  idea  of 
violent  action  having  occurred  in  the  vicinity  of  that  spring. 

At  St.  Paul  de  Ft-nouiSliadus,  on  the  road  from  Carcassone 
to  I'crpigiian,  near  the  town  of  Caudius,  a  warm  spring, 
having  tlie  temperature  of  22'  11,,  gushes  out  from  the  bottom 
of  a  vertical  cleft  or  fissure  in  the  range  of  hills  which  bound 
tlie  valley  Vi  the  west, 

"  I'JIinI).  New  I'liil.  Jovirn.  No.  21. 

t  Tlii'si:  views  were  first  lirought  before  the  public  in  a  paper  read 
UTrirc  the  Srii-i<'|<^  il'lU^t.  Nat.  uf  Geneva  in  183U,  anil  inserted  in  Bciue's 
JiiurnnI  <le  (ieulopi-,  and  in  a  Memuir  "on  Tliermal  Springs  and  their  con- 
nexion with  viikaoo»"containnl  in  the  Kilin.  .New  Piiil.  Journ,  for  Dee.  1831. 
A  Mli[;lit  ski'tch  of  them  hull  however  been  previously  introduced  into  aa 
artick  "u  loineral  waters  rantribjtcd  by  the  author  in  ISilD  to  the  '  London 
Keview,'  a  periodical  wiiidi  never  reached  a  thin)  nuiohcr,  althou{;li  it 
iiii|;ht  have  lieen  e}i|H'cte<i,  that  the  support  which  it  received  from  sucb 
men  n't  Archbishop  Wllalcly.  Mr.  Blanco  White.  Mr.  .\cwnian,  and  Mr. 
Senior,  whose  names  stand  confessedly  at  the  head  of  their  respective 
parlies  or  scboula,  would  have  secured  to  it  a  less  ej)heTneral  C5:istencc. 
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It  is  evident,  both  from  the  extreme  narrowness  and  depth 
of  this  cleft,  that  water  has  not  occaBioned  it,  and  the  appear- 
ance of  the  rocks  on  either  side  shows  that  they  have  been 
acted  upon  by  violence. 

At  a  little  distance  both  to  the  north  and  south  of  the  spot 
at  which  the  cleft  occurs,  the  limestone  rock  capping  the 
ridge  pursues  an  almost  horizootal  course,  and  a  series  of 
schistous  strata,  consisting  of  gritstones  and  marls,  is  seen 
underneath  it,  occupying  nearly  the  same  level  for  a  con- 
siderable extent. 

But  the  calcareous  rock  just  mentioned,  when  it  approaches 
the  cleft  on  either  side,  suddenly  sinks  downwards  so  far, 
that  the  subjacent  schists  in  consequence  altogether  disappear, 
and  the  limestone  is  brought  down  to  the  lowest  level  of  the 
valley ;  thus  demonstrating  that  the  formation  of  the  fissure 
was  accompanied  by  a  very  considerable  dislocation  of  the 
strata  in  which  it  occurs. 


Swlim  at  St.  Paul  it  Ftnomikadit,  Dipartematl  dtg  Pyrikia  Oritnl. 

The  presence  of  volcanic  action  on  both  sides  of  the  cbaia 
may  likewise  be  inferred  fi'om  the  extinct  volcanos  ofOUot  in 
Catalonia,  on  the  Spanish  side ;  and  from  those  that  occur  at 
Agde,  near  Montpellier,  and  various  parts  of  the  Cevennes, 
on  the  French. 

Earthquakes  also,  according  to  M.  Palassou*,  are  frequent 
in  all  ports  of  this  chain,  although  most  destructive  on  the 
Spanish  side,  where,  it  is  to  be  observed,  hot  springs  arc  rare. 

Nevertheless,  even  at  Bagneres  de  Bigorre,  several  houses 
were  thrown  down  by  one  that  occurred  in  1660,  at  which 
time  the  hot  springs  became  suddenly  cold. 

•  Noovellcs  Mcmoires  pour  scrvir  A  i'histoire  oaturcllc  dcs  Pfiia6ea. 
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It  has  beeu  remarked,  that  the  earthquake  «  hich  was  expe- 
rienced on  the  25th  May  175l>  had  for  its  central  point  the 
neighbourhood  of  the  Pyrenees ;  for  nowhere  were  its  shocks 
no  violeDt,  or  the  datna^  occasioned  by  it  so  considerable,  as 
in  that  chain,  especially  in  the  valley  of  Lavedar.  The  village, 
ill  which  occurs  the  thermal  spring  called  Eaux  Chaudes,  seems 
particularly  exposed  to  this  visitation.  In  the  case  of  the  most 
recent  of  these  earthquakes,  that  of  the  22nd  of  May  1814,  it 
ha*  been  remarked,  that  the  direction  of  the  shock  was  nearly 
pRrallel  to  that  of  the  chain  itself. 

In  miuiy  instances  where  the  genera/ aspect  of  the  country- 
does  not  BO  forcibly  impress  upon  the  mind  the  idea  of  tolcanic 
forces  having  been  in  active  operation,  there  is  something  in 
the  particular  circumstances  of  the  locality  indicative  of  the 
same  kind  of  agency. 

Thus  in  our  own  countrj-  the  tepid  spring  of  St.  Vincent's 
Rocks,  underneath  Clifton,  gushes  out  of  a  fissure,  which, 
whether  we  consider  its  extreme  narrowness,  and  the  abnipt- 
neas  of  the  cliffs  that  hound  it  on  either  side,  or  the  hardness 
of  the  rock  which  composes  it»)  structure,  cannot  be  ima^ned 
due  to  the  action  of  running  water,  but  must  he  set  down  as 
the  eifect  of  some  convulsion  of  nature.  It  is  evident  indeed, 
that  the  river  Avon,  so  far  from  having  occasioned  the  channel 
in  which  it  now  flows,  must  have  taken  quite  a  different 
direction  if  the  gorge  had  not  already  existed,  for  the  watefs 
would  have  found  their  way  into  the  sea  through  the  low- 
country  of  Nailsea  and  Long  Ashton,  rather  than  have  cut 
for  themselves  a  course  through  the  limestone  rocks,  which 
extend  from  Cliflon  nearly  to  the  point  where  the  river  now 
discharges  itself  into  the  Severn. 

But  this  is  not  all ;  for  a  geological  examination  of  the 
rocks,  of  which  a  section  is  displayed  on  the  right  bank  of  the 
Avon,  has  brought  to  light  evidences  of  great  disturbance*. 
The  regular  succession  of  rocks  appears  to  be  as  follows, 
beginning  from  below  upwards  : — 

1.  Limestone,  thick  beds. 

2.  Grit. 

3.  Shale. 

•  Soe  ft  Memoir  in  the  Geol.  Transaction^  vot,  i,  new  scries,  by  Dr. 
Ftiitkland  Riid  the  Rc^.  W.  Cunybcarc. 


THEIR  OBOLOOICAL  POSITION.  551 

4.  Grit. 

5.  Millstone  grit,  all  highly  inclined. 

6.  Dolomitic  limestone  in  horizontal  strata. 

But  a  little  beyond  the  projecting  mass  of  rock  from  which 
the  new  Suspension-bridge  is  to  proceed,  and  where  the  Ob- 
servatory is  situated,  a  great  fault  has  taken  place,  which  has 
thrown  down  the  limestone  beds  120  feet,  nearly  to  the  level 
of  the  Avon,  and  thus  brought  into  view  the  millstone  grit 
which  rests  upon  it ;  whilst  a  portion  of  the  horizontal  beds 
of  dolomite  actually  seems  to  underlie  the  principal  mass  of 
limestone,  owing  to  the  great  depression  which  the  latter  has 
undergone. 

Connecting  the  occurrence  of  a  warm  spring  with  the 
above  circumstances,  we  can  hardly  avoid  suspecting,  that 
the  volcanic  force  which  probably  tore  asunder  the  rocks  may 
likewise  have  communicated  to  the  spring  its  higher  tem- 
perature. 

The  spot  in  Great  Britain  which  most  resembles  St.  Vin- 
cent^s  Rocks,  in  point  of  physical  structure  and  position,  is 
Matlock,  where  a  tepid  spring  also  occurs ;  and  here  too  there 
is  decided  evidence  of  the  rocks  having  been  torn  asunder  by 
some  convulsion  of  nature,  both  from  the  abruptness  of  the 
cliffs  which  bound  the  defile  on  either  side,  and  from  the  exist- 
ence of  an  enormous  fault,  much  of  the  same  description  as 
that  of  Clifton*.  It  would  be  tedious  to  go  in  detail  through 
the  whole  series  of  warm  springs  found  in  this  country ;  but 
I  may  remark,  that  the  volcanic  rocks  which  are  found  in 
many  parts  of  Derbyshire  afford  an  additional  presumption 
that  the  tepid  waters  of  that  county  owe  their  origin  to  vol- 
canic heat. 

On  the  continent,  one  of  the  most  decisive  examples  of 
the  connexion  between  wimn  springs  and  disturbances  in 
the  strata  is  afforded  by  the  celebrated  mineral  waters  of 
Carlsbad. 

These  are  described  as  lying  at  the  bottom  of  a  narrow 
▼alley  surrounded  by  precipitous  granitic  rocks;  but  the 

*  See  Wbiteburst's  Theory  of  the  Earth  ;  but  we  may  hope  shortly  to 
obtain  some  more  accurate  details  from  Professor  John  Phillips,  who  has 
been  engaged  in  examining  the  district. 
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lower  piirt  of  tbe  valley  is  formed  of  a  kind  of  conglomerate, 
composed  of  broken  masses  uf  grunite  united  togctlier  by  a 
siJiceous  cement.  It  is  probable  therefore  that  these  frag- 
ments may  have  been  broken  off  at  the  time,  when  oiring  to 
Bome  earthquake,  or  other  physical  convulsion,  the  rocks  were 
riven  asunder,  and  the  valley  itself  was  formed ;  a  conclu: 
favoured  by  the  fact,  that  none  of  the  neighbom'in);  valleys  lie 
in  the  same  direction,  or  have  the  same  precipitous  character. 

A  little  river  indeed  is  made  to  take  a  different  direction, 
and  to  run  at  right  angles  to  its  original  course  by  the  occur- 
rence of  this  defile,  just  as  is  the  case  with  the  Avon  near 
Bristol. 

The  whole  of  the  superficies  of  the  valley  is  covered  over  by 
a  calcareous  deposit  derived  from  the  waters,  which  hold  a 
large  portion  of  carbonate  of  lime  In  solution,  and  it  seems 
not  improbable  that  at  an  earlier  period,  when  the  volcanic 
action  was  more  intense,  the  spring  may,  like  those  of  Iceland, 
have  contained  much  siliceous  earth,  by  the  aid  of  which  it 
was  enabled  to  cement  together  the  blocks  of  granite,  and 
thus  to  form  the  conglomerate  which  is  now  found  underlying 
the  calcareous  tuff"*, 

At  Pfcflcrs,  in  the  Grisons,  a  hot  spring  bursts  forth  from 
the  side  of  an  extraordinary  chasm  in  a  limestone  rock,  down 
which  the  waters  of  the  river  Tamina  precipitate  themselves. 
So  perpendicular  arc  tlic  rocks  composing  the  sides  of  this 
chasm,  that  it  is  Iho  custom  to  lower  provisions  from  the 
summit  of  the  clifl's  to  the  Bath  House,  which  lies  at  the 
bottom,  by  means  of  ropes ;  and  so  narrow  is  the  cleft  that 
divides  them,  that  a  bridfre  of  rock  in  one  part  actually  ex- 
tends across,  and  connects  tbe  two  sides.  The  hot  spring 
gushes  out  of  a  cavern  very  near  the  bottom  of  the  chasm,  and 
is  reached  by  a  rather  perilous  ascent  along  a  narrow  plank 
overhanging  the  ravine. 

Now  that  a  great  change  has  taken  place  in  the  physical 
structure  of  the  country  near  I'fetJ'ers,  would  seem  from  the 
fact,  for  wliicb  1  may  quote  the  authority  of  Ebcl,  that  the 

*  >oe  ;i  MuiLu.il  tn- Vi.,1  H„n',  uilillL,lCfuBnostiitln.Bcmcikungtnub.T 
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Rhine,  instead  of  flowing  as  it  now  does,  almost  due  north 
to  the  lake  of  Constance,  was  at  one  time  deflected  to  the  east, 
in  the  direction  of  the  lake  of  Wallenstadt,  owing  to  the 
barrier  that  originally  existed  at  the  pass  of  St.  Lucie,  where 
the  mountains  present  the  appearance  of  having  been  riven 
asunder  by  some  subsequent  violence.  For  the  evidence  in 
support  of  this  I  must  refer  to  M.  EbePs  work*. 

The  other  thermal  springs  in  Switzerland  appear  under 
circumstances  for  the  most  part  similar.  Those  at  Weissen- 
burg,  in  the  canton  of  Berne,  rise  out  of  a  gorge  of  the  same 
kind  as  that  of  Pfeffers ;  those  of  Loueche  appear  at  the  foot 
of  the  mural  precipice  of  the  Gemmi,  in  the  midst  of  in- 
dications of  great  confusion  ;  whilst  the  springs  of  Baden,  in 
the  canton  of  Argovie,  from  which  that  of  Schinznach  is  not 
far  removed,  lie  near  the  point  where,  in  consequence  of  the 
two  mountains  of  Staffelegg  and  Lagern  having  been  severed 
asunder  by  some  great  convulsion,  the  waters  of  the  Rhine 
and  of  the  other  rivers  which  appear  to  have  constituted  a 
single  lake,  extending  from  Coire  in  the  Grisons  to  this 
mountain  ridge,  including  the  lakes  of  Zurich  and  Wallen- 
stadt,  with  the  intermediate  country,  in  one  continuous  sheet 
of  water,  flowed  off^  by  the  channel  now  taken  by  one  of  the 
rivers,  the  Limmat,  alone.  Thus  the  Rhine  may  be  sup- 
posed to  owe  its  original  direction  to  the  event  which  pro- 
duced one  hot  spring,  and  its  present  course  to  that  which 
occasioned  another. 

The  springs  of  Loueche  or  Leuk,  in  the  Valais,  are  situated 
in  a  deep  and  precipitous  valley  very  near  the  foot  of  the 
Gemmi.  They  rise  from  limestone,  but  not  a  very  great 
distance  from  the  vast  granitic  chain  which  extends  by  the 
upper  parts  of  the  valley  of  Lauterbrunner  to  the  Jungfrau. 
The  evidence  of  disruption  on  a  great  scale  in  the  valley 
is  almost  as  clear  (Professor  Forbes  says)  as  such  evidence 
can  be.     It  is  surrounded  by  mural  precipices  of  singular 

boldness  t* 

The  situation  of  the  thermal  waters  in  the  beautiful  moun- 

*  Manuel  du  Voyageur  en  Suisse. 

t  Forbes,  Temperature  and  Geological  Relations  of  certain  Hot  Springs, 
Phil.  Trans,  for  1836. 
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tain  region  of  Virginia,  west  uf  the  Blue  Ridge,  which  1 
viaited  in  1838,  strongly  corroliorates  the  views  above  enun- 
ciated. 

Several  of  the  most  noted  indeed  of  the  mineral  waters 
resorted  to  in  this  countrj- for  their  reputed  medicinal  virtues, 
seem  to  be  only  slightly  thermal,  and  to  derive  their  efficacy 
chiefly  from  the  sulphuretted  hydrogen  with  which  they  are 
impregnated  ;  such  are  the  White,  the  Red,  the  Blue,  and  the 
Salt  Sulphur  Springs. 

The  three  former  acquire  their  distinctive  appellation  from 
their  colour,  the  difference  in  which  is  probably  attributable 
to  that  of  the  conferva;  that  grow  on  them,  and  impart  their 
respective  hues  to  the  water;  the  latter,  designated  as  the 
Salt,  owes  its  name  to  the  presence  in  it  of  a  larger  proportion 
of  common  salt  than  in  the  rest*. 

One, "  the  Sweet  Spring,"  is  strongly  acidulous,  and  shghtly 
thermal ;  but  two,  which  appear  to  possess  no  remarkable 
mineral  impregnation,  are  designated  by  the  names  of  the 
Warm,  and  the  Hot  Spring,  from  the  more  or  less  considerable 
elevation  of  temperature  which  belongs  to  them. 

The  Warm  Spring  1  found  to  possess  a  heal  of  96°  Fahr., 
and  the  Hot  Spring  one  of  102°,  whereas  the  mean  of  the 
climate  seems  to  be  only  about  56°t. 

Now  both  these  springs  lie  at  a  distance  of  about  three 
miles  one  from  the  other,  in  a  valley,  the  direction  of  which 
is  nearly  north  and  south;  whilst  it  may  be  seen,  by  re- 
ference to  the  section  which  Prof.  William  Rogers  has  ap- 
pended to  his  '  Geological  Report  of  the  Stafe  of  Virginia,' 
18J6|,  that  they  are  situated  exactly  at  the  anticlinal  axis  of 
the  chain. 

And  on  examining  the  rocks  on  either  side  of  these  springs, 
wherever  the  nature  of  the  country  allowed  of  my  exploring 
them,  I  found  every  reason  to  place  reliance  upon  the  corrcct- 

•  Tlie  situatiou  of  these  and  other  thermal  springs  in  llie  United  Stales 
is  eji|iresacd  in  the  Map  at  tht  end  of  the  volume. 

t  See  a  Sketch  of  ihe  Geology  of  North  Ami-ricii  by  the  author ,  published 
by  Che  Ashniolean  Society. 

[  And  to  his  Memoir  "  on  the  Connexion  u(  Thormal  Waters  in  Vir- 
ginia with  Anticlinal  A\es  and  Faults," 
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neas  of  his  represeotations.  To  the  west  of  the  Hot  Spring, 
the  most  southern  of  the  two  thermal  waters  referred  to,  the 
rocks  become  more  and  more  inclined  towards  the  west,  as 
thej  approach  nearer  to  it,  until  at  length  in  its  immediate 
vicinity  they  assume  an  almost  vertical  position. 

Immediately  surrounding  the  spring,  which  issues  from 
the  bottom  of  the  valley,  are  vertical  beds  of  a  blue  fossiliferous 
limestone,  the  lowest  but  one  of  the  rocks  incumbent  on 
those  of  the  Blue  Ridge  which  are  included  in  his  series. 

A  very  compact  sandstone,  used  as  a  freestone,  succeeds, 
then  beds  of  clayslate  again,  and  afterwards  a  highly  ferru- 
ginous sandstone.  Up  to  this  point,  the  rocks  are  inclined 
at  so  high  an  angle,  that  they  may  be  regarded  as  vertical, 
and  in  consequence  of  being  so  near  the  axis  of  the  move- 
ment, they  are  often  contorted  and  much  disturbed. 

Farther  to  the  west,  however,  they  are  succeeded  by  strata 
of  sandstone  conglomerate,  ironstone,  and  clayslate,  dipping 
at  a  gradually  decreasing  angle  of  inclination,  and  this  con- 
tinues to  be  the  case  until  they  become  nearly  horizontal. 

To  the  east  of  this  spring,  the  density  of  the  forests  is  such 
as  rendered  it  impossible  for  me  to  obtain  any  knowledge  of 
the  mineral  structure  of  the  subjacent  rocks ;  but  this  desi- 
deratum was  supplied  by  following  the  road  running  to  the 
east  of  the  Warm  Spring,  which,  as  I  have  already  stated,  lies 
in  the  same  valley. 

Here,  as  we  ascend  the  so-called  Warm  Spring  Mountain, 
we  observe  the  same  rocks  successively  presented  to  us 
which  we  had  seen  to  the  west  of  the  Hot  Spring,  and  these 
— equally  vertical  in  the  immediate  neighbourhood  of  the 
spring-— dipping  in  the  reverse  direction,  and  at  a  high  angle, 
farther  to  the  west — and  at  length  subsiding  to  a  moderate 
inclination  at  a  still  greater  distance  from  the  axis  of  elevation. 
Professor  Rogers  supplies  similar  facts  with  respect  to  the 
other  thermal  waters  of  the  district : — thus  the  Sweet  Springs, 
he  says,  flow  out  from  the  nearly  vertical,  and  inverted  lime- 
stone near  the  centre  of  the  valley;  the  Red  Springs  and 
Snake  Run  Group  from  points  nearer  to  the  junction  of  this 
rock  with  Formation  III.  of  the  Little  Mountain.  The  axis 
in  which  the  White  Sulphur  Springs  arise,  and  that  of  the 
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Thermal  of  Brown's  Mouotnin,  are  nearly,  though  not  exactly, 
ill  the  same  line. 

In  short,  out  of  5G  springs  more  or  less  thennal,  46  are 
situated  on,  or  adjacent  to,  anticlinal  axes ;  /  on  or  near  lines 
of  fault  and  inversion ;  and  3,  the  only  group  of  this  kind 
yet  known  in  Virginia,  close  to  the  point  of  junction  of  the 
Appalachian  with  the  Hypogcne  rocks. 
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CHAPTER  XXXV. 

THERMAL  WATERS,  THEIR  GASEOUS  IMPREGNATION,  etc. 

Gases  evolved  from  thermal  waters. — Nitrogen — at  Bath,  its  quantity 
— Buxton,  &c. — Cardiff — Clifton — Pyrenees — Alps — Ceylon — United 
States. — Sulphuretted  hydrogen. — Carbonic  acid. — Petrifying  springs. — 
Valleys  of  elevation  emitting  carbonic  acid. — Permanency  of  physical 
and  chemical  properties  belonging  to  thermal  waters. — Conclusions  de- 
duced from  these  premises  as  to  the  connexion  between  thermal  waters 
and  volcanos. — Tabular  view  of  the  properties  and  temperature  of  the 
best-known  thermal  waters. 

In  the  last  chapter  I  gave  many  examples  of  thermal  waters 
which  make  theu*  appearance  where  there  is  evidence  of  some 
convulsive  force  having  been  exerted  on  or  near  the  spot 
from  which  they  have  burst  forth,  and  in  conformity  to  the 
established  notions  on  the  subject,  regarded  the  force  so 
manifested  as  a  result  of  those  processes  in  which  volcanos, 
earthquakes,  and  other  allied  phsenomena  originate.  Hence 
I  concluded  that  thermal  springs,  even  when  at  a  distance 
from  volcanos  now  in  action,  may  be  regarded  as  proceeding 
from  causes  of  the  same  description. 

And  although  it  may  be  truly  said,  that  springs  of  all 
temperatures  are  wont  to  appear  where  there  are  fissures  or 
dislocations  of  the  strata,  yet  those  who  have  examined  the 
spots  alluded  to  in  the  foregoing  chapter  as  giving  birth  to 
thermal  waters  will  admit,  that  the  chasms  and  disturbances 
of  the  strata  which  are  found  where  they  occur,  are  on  a 
laiger  scale,  and  imply  a  more  than  ordinary  exertion  of  erup- 
tive force. 

But  inasmuch  as  it  may  be  alleged,  that  a  high  temperature 
might  be  imparted  to  the  water  in  these  instances,  owing 
simply  to  the  depth  from  which  it  took  its  rise,  just  as  has 
happened  in  the  noted  case  of  the  Artesian  well  of  Crenelle 
near  Paris,  I  will  next  proceed  to  show,  that  natural  thermal 
springs  are  in  general  accompanied  by  the  same  gases  which 
volcanos  commonly  emit. 

These  may  either  rise  in  bubbles,  owing  to  their  escape 
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through  the  same  channel  by  which  the  spring  itself  finds  lU 
way  upwanU,  or  if  they  have  an  affinity  for  water,  may  be 
held  in  chemical  solution  by  it. 

Of  those  gases  which  escape  in  bubbleB,  that  most  generally 
detected  appears  to  be  Nitrogen. 

Aware  of  the  interest  attaching  to  the  presence  of  this 
element,  as  illustrative  of  the  theory  of  hot-springs  and  their 
connected  phfenomena,  I  have  searched  for  it  in  all  the  thermal 
waters  examined  by  myself  in  diflerent  parts  of  the  world, 
and  have  detected  it  in  so  many  instances,  that  coupling  iny 
own  observations  with  those  of  others  who  have  undertaken 
the  same  investigation,  I  am  now  inclined  to  regard  nitrogen 
gas  almost  in  the  light  of  a  constant  concomitant  of  springs 
partaking  of  a  high  temperature. 

The  most  abundant  evolution  of  it  I  have  ever  witnessed 
was  at  Bath,  where  I  was  induced  in  the  year  1S33  to  measure 
for  a  month  con  sect  itively  the  quantity  each  day  evolved  •. 
This  I  found  to  vary  from  time  to  time  in  a  manner  not 
easily  accountable,  but  upon  an  average  it  appeared  to  amount 
to  not  less  than  322  cubic  feet  daily  from  the  King's  Bath 
alone,  and  from  the  thermal  waters  of  the  place  taken  collec- 
tively, probably  to  not  less  than  250  cubic  feet. 

The  gaa  was  nearly  pore,  ninety-seven  per  cent,  being 
nitrogen,  three  oxygen,  besides  a  small  but  variable  amount 
of  carbonic  ocid. 

This  gas  is  also  evolved  in  considerable  quantities  from  a 
great  number  of  other  thermal  waters. 

Thus,  for  example,  in  this  country,  T)t.  Pearson  had  many 
years  ago  detected  bubbles  of  nitrogen  issuing  from  the 
warm  spring  of  Buxton;  and  from  some  observations  made 
by  myself  at  this  spring,  I  am  led  to  conclude  that  the  quan- 
tity disengaged  is  about  fifty  cubic  inches  per  minute.  I  have 
likewise  diseovored  nitrofreii  in  one  or  two  other  slightly 
thermal  waters  in  the  same  county,  as  at  Bakewell  and  at 
Stony  Middlcton. 

I  found  it  also  in  a  tepid  sprinj;  in  South  Wales  ne.ir  Cardiff, 
called  Taafe's  Well,  a  water  possessing  some  reputation  in  the 
neighbourhood,  and  maintaining  a  temperature  of  70°  all  the 

*  See  nly  Memoir  "  on  tlic  Bath  Water.*,"   in  the  Philosophical  Trans- 
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year  round.  The  quantity  of  gas  is  however  here  much 
smaller  than  at  Bath,  amounting  to  no  more  than  about 
twenty-two  cubic  inches  each  minute. 

There  ckn  be  no  doubt  that  the  same  gas  is  disengaged  in 
connexion  with  the  tepid  waters  of  Clifton,  for  in  the  winter 
of  1834,  when,  owing  to  the  continuance  of  wet  weather,  two 
other  tepid  springs  gushed  out  from  the  bottom  of  the  rock 
over  which  the  new  chain-bridge  connecting  the  two  sides  of 
the  chasm  is  to  be  suspended,  I  detected  bubbles  of  gas  which 
proved  to  consist  of  nitrogen  92,  oxygen  and  carbonic  acid 
8  per  cent.  It  would  appear  therefore  that  certain  processes 
are  still  going  on  underneath  that  remarkable  cli£^  by  which 
oxygen  is  even  now  abstracted  from  the  atmospheric  air  that 
finds  its  way  into  the  interior  of  the  earth. 

On  the  continent,  Longchamp  detected  this  gas  in  almost 
all  the  thermal  waters  of  the  Pyrenees ;  and  Dr.  Ure  found 
it  issuing  from  the  spring  of  Loueche  in  Switzerland.  I  have 
myself  discovered  it  in  many  of  the  thermal  waters  of  France, 
as  in  those  of  Mont  Dor  and  Chaudesaigues  in  Auvergne,  and 
in  those  of  St.  Gervais,  Bonneval,  and  St.  Didier  in  Savoy. 

In  Spain  I  detected  it  almost  pure,  issuing  copiously  from 
the  hot  spring  of  Alhama,  near  Grenada  in  Andalusia* ;  and 
in  Italy  at  Monte  Catini,  near  Pisa  in  Tuscany,  in  the  hot  spring 
of  Torre  del  Annunziata,  mixed  with  a  large  excess  of  carbonic 
acid,  and  in  the  cold  spring  of  Castellamare  near  Naples. 

*  The  followiDg  are  the  notes  I  made  on  the  spot.  About  a  mile  from 
the  town  of  Alhama  are  the  hot  springs  which  were  known  in  the  time  of 
the  Romans,  and  were  in  great  repute  amongst  the  Moors.  They  rise  out 
of  the  bottom  of  the  narrow  fissure  above-mentioned,  just  at  the  point  of 
its  southern  termination.  The  rocks  are  here  quite  precipitous,  and  the 
cleft  in  them  so  narrow,  that  no  more  room  is  left  than  for  the  rivulet  to 
flow  along.  The  rock  is  composed  entirely  of  the  white  compact  lime- 
stone, which  probably  belongs  to  the  secondary  period,  underlying  the 
tertiary,  which  Col.  Silvertop  has  described.  The  spring  is  very  copious, 
discharging  twenty-five  cubic  feet  per  minute.  Its  temperature  appeared 
to  me  to  be  106°  of  Fahr.,  but  this  was  in  the  public  bath;  and  at  the  point 
at  which  it  issues,  it  is  stated  to  be  36°  R.  =  112°'5  Fahr. 

Bubbles  of  gas  were  given  off  from  it,  which  I  found  to  consist  almost 
entirely  of  nitrogen,  no  more  carbonic  acid  being  present  than  would  be 
absorbed  by  the  water  under  which  the  gas  was  collected.  The  water  was 
pure  and  tasteless,  containing  no  iron,  but  only  a  trace  of  lime.  It  is  in 
repute  for  the  cure  of  various  maladies. 
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It  is  not  indeed  confined  wholly  to  springs  possessing  an 
elevated  temperature^  for  I  found  it  in  Ireland  both  in  the 
only  thermal  spring  of  that  island,  namely  that  at  Mallow^ 
and  in  a  cold  spring  called  Holy  Well,  near  Clonmel. 

Near  ICissingen  are  several  cold  springs,  accompanied  with 
a  copious  disengagement  of  gas,  found  by  Kastner  to  consist  of 

Carbonic  acid 25*45 

Nitrogen 66*50 

Oxygen 8*05 

A  cold  spring  emitting  nitrogen  has  been  observed  near 
Inverkeithing  in  Scotland  *,  and  Sir  R.  Murchison  has  in- 
formed me  of  another  of  the  same  kind  in  Shropshire. 

It  is  needless  to  remark  that  this  gas  is  emitted  in  other 
quarters  of  the  globe.  Dr.  John  Davy  discovered  it  almost 
pure,  issuing  in  large  quantities  from  a  hot  spring  near  Trin- 
comalee  in  Ceylon. 

In  the  United  States  I  found  it  in  the  hot  spring  and  warm 
spring  already  noticed  as  occurring  in  the  mountain  district 
of  Virginia  t;  at  Lebanon  in  Massachusetts,  mixed  with  about 
10  per  cent,  of  oxygen;  and  at  Washita,  in  the  state  of 
Arkansas,  with  7*6  per  cent,  of  the  same. 

Other  observers  have  remarked  it  issuing  from  cold  springs 
in  Rensselaer  county,  Vermont ;  at  Chateaugay,  in  Franklin 
county,  New  York ;  and  very  copiously  near  the  village  of 
Cayuga,  south  of  the  Seneca  Falls — the  only  instance,  says 
the  Reporter,  of  such  a  pha^nomenon  in  the  midst  of  calca- 
reous rocks,  all  others  known  in  the  State  of  New  York  being 
near  the  junction  of  transition  with  those  of  a  primitive  or 
mctamorphic  character  J. 

The  evidence  afforded  by  the  universal  presence  of  nitrogen 
gas  in  favour  of  their  volcanic  origin,  will  be  more  fully  ap- 
preciated when  the  theory  of  volcanos  is  entered  upon ;  suf- 
fice it  to  say  at  present,  that  its  derivation  from  volcanic  pro- 
cesses cannot  be  questioned,  as,  according  to  Dr.  John  Davy, 
the  bubbles  of  gas  which  escaped  from  the  sea  round  about 
the  new  volcanic  island  that  made  its  appearance  between 

♦  Edin.  Phil.  Journ.  1829. 

•f-  Professor  Rogers,   in  the  memoir  before  refer'*ed  to,  notices  it  as 
occurring  in  various  other  spots  of  the  same  district. 

I  Beck,  Geological  Survey  of  the  State  of  New  York,  1838. 


NITROGEN  EVOLVED  BY  THEM.  561 

Sicily  and  Pantellaria  in  the  year  1830  consisted  in  part  of 
this  gas. 

Now  it  may  be  observed,  that  its  evolution  from  the  bowels 
of  the  earth  in  a  state  of  purity,  or  only  intermixed  with  a 
small  amount  of  oxygen  and  with  carbonic  acid,  seems  to 
imply  some  process  of  combustion,  by  which  oxygen  has  been 
abstracted  from  common  air  which  found  its  way  to  the  in- 
terior of  the  earth ;  for  had  it  arisen  from  the  decomposition 
of  organic  matter,  as  some  have  conjectured,  it  ought  to  be 
accompanied  with  carburetted  hydrogen,  as  is  the  case  at 
the  floating  island  of  Derwentwater,  according  to  Dr.  Dalton. 
Moreover,  no  amount  of  organic  matter,  that  can  be  sup- 
posed to  exist  in  the  thermal  water,  could  produce  a  constant 
supply  of  nitrogen  equal  to  250  cubic  feet  in  twenty-four 
hours,  as  at  Bath. 

Nor,  considering  its  universality  and  its  abundance,  can 
I  reconcile  myself  to  the  explanation  of  its  origin  suggested 
by  Professor  Rogers,  who,  admitting  that  some  process  of 
oxidation  is  implied,  imagines,  that  the  absorption  of  oxygen 
by  large  masses  of  protoxide  of  iron,  or  of  carbonaceous  matter^ 
which  he  supposes  present  in  the  earth,  may  account  for  the 
emission  of  nearly  pure  nitrogen. 

'Surely  such  a  process  can  hardly  be  going  on  generdly 
enough,  and  on  a  su£5ciently  extensive  scale,  to  give  rise  to  a 
phaenomenon  which  seems  scarcely  ever  absent  where  thermal 
waters  exist. 

Another  gas  very  commonly  found  in  thermal  waters  is 
Sulphuretted  Hydrogen,  which  is  contained  in  almost  all  of 
those  met  with  at  the  foot  of  the  Pyrenees,  and,  according  to 
Boussingault,  in  those  of  the  Andes. 

Its  general  connexion  \^ith  volcanos  may  be  collected  from 
even  a  cursory  glance  at  the  contents  of  this  volume,  as  there 
is  probably  scarcely  any  volcanic  region  which  does  not  pre- 
sent it  either  in  its  springs  or  somewhere  in  its  immediate 
neighbourhood ;  but  it  may  still  be  a  question  whether,  when 
it  occurs  in  connexion  with  cold  springs,  it  is  to  be  regarded 
as  an  indication  of  latent  volcanic  action. 

There  is  no  doubt  indeed,  that  it  can  be,  and  often  is,  gene- 
rated by  the  action  of  organic  matter  upon  alkaline  and  earthy 
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sulphates ;  but  although  the  occurreoce  of  sulphuretted  hy- 
drogen hae  been  explained  in  this  manner  at  Harrogate,  yet 
Professor  John  Phillips  conceives,  that  the  mineral  impregna- 
tion of  these  springs  is  tu  be  ascribed  to  the  chemical  effects 
specially  exerted  along  the  line  of  a  subterranean  disturbanoe 
which  he  has  tliere  detected,  and  Sir  Roderick  Murchison  has 
been  led  to  similar  conclusions, with  respect  to  the  sulphureous 
spring  of  Llaiiwrtyd  in  South  Wales,  by  his  observations  on 
the  geological  structure  of  that  locality. 

A  third  kind  of  air,  which  in  thermal  waters  may  be  said  to 
be  almost  universally  present  in  greater  or  less  abundance.  Is 
Carbonic  Acid,  thus  enabhng  them  to  hold  in  solution  n 
larger  quantity  of  calcareous  earth  than  they  could  otherwise 
do,  a  portion  of  which  they  deposit  on  first  issuing  from  the 
earth,  in  conseC{uencc  of  the  escape  of  the  volatile  ingredient 
by  virtue  of  which  it  was  retained. 

Hence  those  earthy  sediments  which  incrust  the  surface  in 
many  places  in  which  warm  springs  gush  out,  and  which  are 
denominated  variously  stalactites,  stalagmites,  tutfs,  &c.,  ac- 
cording to  certain  unimportant  differences  in  their  appear- 
ance and  position. 

One  of  the  most  remarkable  of  the  springs  disengaging 
carbonic  acid  is  that  of  Kissingen  in  Bavaria  *,  which  has  its 
regular  periods  of  iutcrmittence  and  of  agitation,  evolving 
under  the  latter  circumstances  enonnous  quantities  of  gas. 

When  the  spring  is  in  fidl  flow,  the  great  shaft  of  eight 
feet  in  diameter  is  filled  with  water,  agitated  in  the  most 
violent  manner  by  the  torrents  of  gas  which  it  discharges. 

It  resembles  a  small  pan  of  water  boiling  on  a  very  hot 
fire  just  as  rapidly  as  is  possible  without  overflowing.  Whilst 
this  turbulence  Is  at  a  maximum,  the  gas  abruptly  ceases  to 
flow,  and  in  a  few  seconds  the  surface  of  the  water  in  the 
shaft  is  perfectly  tranquil. 

In  1826  the  spring,  during  the  latter  half  of  the  month  of 
September,  ebbed  five  times  daily,  the  periods  of  ebb  within 
the  same  time  amounting  to  lOh.  22m.  in  twenty-four  hours. 
In  October  the  ebb  averaged  a  fraction  more,  the  times  of 

*   Soe  Friifpssor  Jam*9  Korljps's  Mpniinr  in  l-^iliii.  Pliil.  Joutn.  I83y. 
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ebb  only  8h.  39m.  The  daily  product  of  the  spring  was 
48,034  cubic  feet :  the  volume  of  gas  was  not  appreciable,  but 
even  the  first  few  minutes  of  returning  action  of  the  spring 
in  its  feeblest  state  after  ebb,  are  sufficient  to  fill  the  entire 
shaft  (containing  920  cubic  feet)  with  gas. 

Gustavus  Bischof  has  enumerated  seven  groups  of  thermal 
waters  existing  in  Germany,  alike  impregnated  with  carbonic 
acid  and  soda.    These  are : — 

1.  The  springs  of  the  Eifel  and  the  Siebengebirge. 

2.  Those  of  the  Westerwald  and  Taunus. 

3.  Of  the   Habichtswald,   Meissner,  Vogelsgebirge,  and 

Rhongebirge. 

4.  Of  the  Fichtelgebirge. 

5.  Of  the  Erzgebirge. 

6.  Of  the  Bohemian  Mittelgebirge. 
7*  Of  the  Riesengebirge  in  Silesia. 

Indeed  iidierever  carbonate  of  soda  is  present  in  a  mineral 
water,  we  may  assume  the  existence  of  free  carbonic  acid,  by 
which  its  extrication  firom  the  felspathic  ingredient  of  the 
rock  has  been  efiected. 

.Now  we  have  already  seen,  that  a  disengagement  of  car- 
bonic acid  takes  place  copiously  from  volcanos  in  all  their 
difierent  phases,  and  that  when  it  occurs  in  hollow  places  or 
caverns  where  its  diffusion  through  the  atmosphere  is  checked, 
it  accumulates  to  such  an  extent  as  to  render  the  air  unrespi- 
rable.  Such  is  the  case  at  the  Grotto  del  Cane  near  Napks, 
and  the  Plutonia  noticed  by  classical  writers. 

The  evolution  of  carbonic  acid  is  therefore  another  phaeno- 
menon  which  belongs  in  common  to  volcanos  and  to  thermal 
waters,  and  hence  affords  an  additional  presumption  in  favour 
of  the  idea,  that  a  similar  origin  is  to  be  assigned  to  both. 

This  gas  is  however  given  off  in  various  places  where  thermal 
waters  are  not  found,  impregnating  the  common  springs  of 
the  district,  and  communicating  to  them  that  property  of  dim^ 
solving  calcareoos  earth,  which  causes  them  to  petrify,  as  it  is 
called^  any  substance  with  which  they  come  into  ccmtact^ 
Now  it  will  not  be  difficult  to  show,  that  many  of  these 
springs  likewise  derive  their  gaseous  imptlfignation  from  vol-* 
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canic  agency.  Some  indeed,  as  those  in  various  parts  of 
Italy,  and  in  the  province  of  Auvergne  in  France,  are  situated 
in  the  midst  of  a  volcanic  country,  and  cannot  therefore  be 
otherwise  considered ;  whilst  many  not  so  placed  may  never- 
theless be  conjectured  to  derive  their  carbonic  acid  from  this 
source,  on  grounds  similar  lo  those  which  have  led  ua  to  this 
inference  with  respect  to  thermal  waters  themselves.  They 
oiien  indeed  lie  in  valleys,  which  from  the  peculiar  position 
of  the  strata  composing  their  sides,  seem  to  be  produced  by 
the  hea\-ing  up  of  the  latter  all  around  some  central  point. 
These  are  called  circular  valleys  of  elevation,  and  the  springs 
of  Pyrmont  in  Westphalia,  long  celebrated  as  chalybeate,  rise 
up  through  a  valley  of  this  description,  the  sides  of  which  are 
composed  of  a  succession  of  beds,  all  of  which  dip  outwardly 
from  this  central  point,  as  will  be  seen  in  the  woodcut  sub- 
joined. 


Seetitm  nf  Ihr  Carmiar  f'aiirj  nf  Elfvation,  PyrmotU. 

Other  cases  of  carbonated  springs  in  similar  positions  have 
been  noted,  and  the  existence  of  valleys  of  this  kind  may  be 
readily  inferred  from  what  has  been  already  said  in  the  last 
chapter  with  respect  to  the  elevation  of  chains  of  mountains*. 

It  seems  therefore  sufficiently  apparent,  that  thermal,  and 
also  in  many  cases  sulphuretted  and  carbonated  springs  are 
connected  with  those  igneous  forces  which  have  manifested 
themselves,  not  only  in  spots  where  volcanos  occur,  but  like- 
wise wherever  chains  of  mountains  have  been  uplifted,  or 
deep  fissures  in  the  rocks  of  the  country  have  been  formed. 

And  the  same  inference  may  be  drawn  from  the  coiistancy 

*  Dr.  Buckland  has  noticed,  in  the  Geolngical  Transactions,  vol.  ii. 
new  series,  several  valkys  in  tlie  newer  rocts  of  this  country,  formed  by 
the  uplifting  of  strata  in  the  same  manner  as  at  Pyrmont.  Such  h  llie 
esse  with  the  valley  of  Newhury,  where  we  find,  near  Kingaclcre,  the  strata 
heaved  up  from  the  grecnaand  to  the  chalk,  so  that  the  beds  of  chalk  form 
the  edges  of  the  hills  on  either  side  of  the  valley.  A  similarly  formed 
valley  exisU  at  Poxwcll  near  Weymouth. 
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of  temperature  and  of  physical  properties,  which  seems  to  be* 
long  to  thermal  waters,  no  less  than  to  other  volcanic  phae- 
nomena,  considered  with  reference  to  the  period  of  man's 
observation. 

We  may  gather  from  occasional  notices  in  ancient  writers, 
that  many  of  the  springs  now  accounted  thermal,  existed  be-' 
fore  the  Christian  sera,  under  the  same  conditions  of  tempera- 
ture and  of  gaseous  impregnation  as  at  present. 

I  have  already  alluded  to  the  evolution  of  gas  from  the  pool 
in  the  valley  of  Amsanctus,  which  is  a  phsenomenon  of  the 
same  character,  and  may  refer  to  certain  of  the  springs  of 
Greece  as  confirming  the  same  inference. 

Thus  Dr.  Clarke  of  Cambridge,  in  his  ^  Travels  in  Greece,' 
has  shown,  that  the  hot  springs  which  gush  out  from  the  foot 
of  Mount  CEta  in  Thessaly,  at  the  pass  of  Thermopylae,  emit 
at  this  present  time  bubbles  of  gas,  which  he  found  to  consist 
of  sulphuretted  hydrogen. 

Now  this  very  spring  is  mentioned  by  several  ancient 
writers,  and  it  is  remarkable  that  Sophocles  seems  to  allude 
to  the  same  phaenomenon, — I  mean  the  evolution  of  gaseous 
bubbles, — making  a  poetical  use  of  it  in  the  play  of  the  Tra- 
chiniae.  Such  at  least  is  the  explanation  given  by  Dr.  Clarke  of 
the  passage  in  which  Deianira  describes  the  poison,  given  her 
by  the  Centaur  Nessus,  with  which  she  had  anointed  the  tunic 
prepared  for  her  husband  Hercules.  Some  of  the  wool  which 
had  imbibed  this  poison  being  thrown  down  on  the  spot  where 
the  hot  springs  now  appear,  it  is  said  that  frothy  bubbles  rose 
from  the  earth. 

9K  d€  yris,  66f¥ 

npovKfiT,  avaCfovai  BpofiP»d€iS  afl>poi, 
TXavKTjs  (m^pas  wart  iriovos  irorov 
Xv$tPTos  ccf  yrfv  BaKXMs  an  ofmtXov*, 

In  like  manner.  Dr.  Holland  in  his  ^  Travels '  mentions  his 
having  detected,  near  the  coast  of  Albania,  the  escape  of  a 
stream  of  inflammable  gas,  such  as  is  found  to  take  place  in 

^  See  also  the  choros : 

Q  vavKoxa  kcu  ntrpata 
Otpfui  \avTpa,  K(u  irayfws 
Oiras  wtpwai€raovT€s,  BiQ. 


9Um  riiexMAL  si-miuoa, 

the  ApcDniwi  between  Bologiia  and  Florence,  at  a  spot  well- 

koovD  to  most  travcllcre. 

And  it  scctDS  probabb,  that  this  same  evolution  of  gas  was 
geiag  on  in  ibe  times  of  ancient  Greece  at  the  spot  in  which 
it ««  observed  by  Dr.  Holland ;  for  a  temple  of  the  Nympbs, 
wioA  was  Ufuolly  cr«ct«d  in  places  distinguished  b^  this 
plucnonicDoa,  appean  to  have  existed  in  this  veiy  place,  and 
Dodnell  diacotcml  a  coin  of  the  city  of  Apollonia  in  vUbama 
which  bore  an  evident  allusion  to  this  circnmstance,  as  it  bad 
RfireMOled  oo  ooe  side  a  figure  of  ApoUo,  the  patron  of  the 
citj.  and  on  the  other  three  nymphs  dancing  round  a  fire. 

Now  a*  in  tboe  oues  the  gns  geaerally  ri«es  from  the  ground  Id  a 
oootioued  curreot,  it  so  happem,  that  when  aace  lighted  it  maf  go  on 
boniins  for  mr.  Mid  hence  a  vulgnr  notion  prevails  that  the  gas  takes 
Srr  ^lootaneoualy.  When  the  ancients  ^peak  of  the  spactaneoui  fire 
which  rose  from  the  peaks  of  Parnassus,  and  which  contribnted  to 
the  H^rrdnesi  of  tJiat  spot,  thej  no  doubt  allude  to  a  pfavnomeoan 
of  the  same  description :  and  the  gas  which  springs  out  of  tlic  earth 
at  Itako,  and  in  other  places  near  the  Caspian,  was  also  the  object 
ol  peculiar  vcDcratioD  amongst  the  fire- worshipers  of  that  couotry . 

la  the  neighbourhood  of  Orenoble,  where  the  same  pbmomenoD 
occtira,  I  unce  had  an  opportunit;  of  ascertaining  the  falsity  of  the 
notion  that  tliis  lire  is  self- kin  died,  and  the  cause  of  the  prcraleni 
opinion  ihat  *ucb  is  the  case.  H'hen  (be  flame  is  uieiKiy  blown  uut, 
it  h^bts  asaiii  immediately,  in  consequence  of  the  heated  condition 
of  the  rock  through  which  the  current  of  inflamed  gas  passes ;  but 
when,  not  coutented  with  extinguishing  it,  I  threw  several  buckets 
of  water  over  the  stones  in  its  immediate  vicinity,  the  inflammable 
gas  escaped  into  the  air  without  catching  fire,  and  tbis  object  of 
sujierstitiouf  dread  was  easily  collected  in  bottles,  and  carried  off 
for  cbeniicnl  examination,  to  the  astonishment  and  alarm  of  the 
■japinff  peasants. 

ITifre  is  also  in  the  Greek  Anthology  a  singular,  though  inelegant 
and  almost  barbarous  poem  of  Paulus  Silentiarius  {SiXcrnopioi), 
chief  silence -keeper'  to  the  Emperor  Justinian,  relating  to  the  hot 
Iwths  of  P}-thia  in  Bilhynis,  the  modm^sa.  In  speculating  on 
tbc  cause  of  llie  beat,  the  author  I^B^  a  theory  verj-  similar  to 
that  «hich  jTcmils  at  present,  wit:      ^^bomany  hot  springs  not 


supiH 


..-.I  to  Ir- 
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.  "  It  is  conceived,"  he  says*,  "  by  some,  that  there  are  narrow 
{bsures  below  the  earth ;  that  opposing  currents  of  water  meetiAg 
from  various  quarters  are  compressed,  and  by  that  compression  ac- 
quire no  ordinary  heat.  Others,  on  the  contrary,  say,  that  in  the 
recesses  of  the  earth  there  are  somewhere  sulphureous  ores ;  that  the 
neighbouring  stream  therefore,  meetCug  with  a  violent  heat,  from  jits 
mabiHty  to  remain  below,  rushes  upwards  in  a  mass. 

"  Which  opinion  will  my  readers  adopt  ?  The  former  ?  I  do  not 
myself  embrace  this ;  I  agree  With  the  latter  one ;  for  there  is  i^ 
m^hitic  ofieusive  stench  clearly  proving  it. 

"  T  was  thus  the  hot  bubbling  fluid  issued  for  the  benefit  of  man- 
kind,^ — an  inmimate  Hippocrates,  a  Gkilen  untaught  by  art." 

The  expression  "  hot  bubbling  fluid  "  evidently  implies  that  bub- 
bles of  air  were,  at  the  remote  period  in  which  the  poet  wrote,  ob- 
served escaping  from  the  spring ;  and  that  this  air  consisted  of  sul- 
phuretted hydrogen  appears  from  a  sentence  just  preceding,  where 
he  alludes  to  the  offensive  smell  which  the  water  gives  out. 

Now  Browne  the  traveller  f*  and  more  lately  Hamilton  t,  have 

ciMu  OTtvas  voovauf' 

vbiOp  €K€l6€V  tpBtV 

avTirp€\ov  itik€i<r6au., 
niXovfievov  dc,  Btpiviiv 
ov  rqv  rv\(ovirav  ncurxtw. 

AXXoi  Xcyovo-i  rovro* 
ftcToXXa  TFOv  ^citfdi; 

yffS  €V  fJLVXOiS  VfTllpXtW 

TO  y€iTWOvv  ovv  vafia, 
Btpfjirjs  r\rx9^  fitmas, 
KaT»  ficyciv  ovK  laxop 
avio  rp€\fiv  r^  YrXi;^i. 

Houav  IkxB  i  ^v  irpmroif ; 
aXX*  ov  dcdcy/uu  rovro' 
«  r^  dcvrcp^  avfjLffnjfu, 

odfATj  yap  coTiy,  oiihs, 
fivd^MUp  fh/irnvoouau, 
Tpavaifrt  fiaprvpov^n* 

Ovro)  nporikBf  ira<n 

TO  BtpfioPkvaTov  pfiBpov, 

'imroKpaTTfs  a^x^^' 

Ttxyjs  av€v  FoXiyyop.     (Vol.  iv.  p.  64.) 
t  Walpole's  Travels  in  various  Countnes  of  the  £a8t. 
X  Researdies  in  Asia  Minor,  vol.  i.  p.  77. 
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dcHcribed  thin  very  spring,  the  one  as  it  existed  towards  the 
of  the  laat  century,  the  other  in  the  year  1836;  and  it  secins  to 
from  their  joint  accounts,  that  its  proiierties  have  not  changed, 
the  tame  aulphureous  smell  is  still  eothaled.  aud  that  sulphimtted 
hydrogen  escapes  from  it  in  large  (juantities*. 

With  regard  iadeed  to  the  temperature  of  mineral  springs 
in  general,  it  may  be  conjectured  that  in  countries  not  ex- 
posed to  present  volcanic  operations,  no  sensible  alteration 
has  taken  place  since  the  earliest  notice  of  them  that  haa  come 
down  to  us. 

If  there  had  been  any  change,  it  would  probably  have  been 
from  a  higher  to  a  lower  degree,  rather  than  the  reverse ;  and 
as  several  of  the  thermal  springs  which  were  known  and  rc- 
Borted  to  by  the  ancients,  such  as  Aix,  Mont  Dor,  Plombierea, 
and  Bath,  retain  at  present  a  heat  as  great  ns  is  tolerable  to 
the  human  body,  it  seems  evident,  that  if  they  had  been  only 
in  a  slight  degree  hotter  in  the  time  of  the  Romans,  they 
would  have  required  to  be  cooled  down  by  artificial  means 
before  they  were  employed  for  bathing,  which  we  are  not  told 
was  ever  the  case. 

In  regarding  them  however  as  permanent  in  their  charac- 
ters, I  speak  only  with  reference  to  the  limited  range  of 
human  observation  j  for  in  a  geological  sense,  and  viewed  in 
relation  to  those  ])rotractcd  changes  which  the  t;lobe  appears 
to  be  undergoing,  I  see  no  reason  for  denying  that  their  ex- 
cess of  temperature  may  be  of  trans i to rj'  duration. 

We  have  already  seen,  that  the  degree  of  their  heat  has 
some  connexion  with  the  recent  date  of  the  volcanic  opera- 
tions with  which  they  arc  associated,  and  that  some  volcanic 
districts,  such  as  the  Hebrides  and  the  north  of  Ireland,  which 
have  been  longest  extinct,  are  entirely  destitute  of  them. 

Perhaps  therefore,  if  an  exact  account  were  taken  of  their 
actual  temperature,  our  successors  might  hereafter  detect 
some  slight  secular  variation,  and  with  a  view  to  this  the 
accurate  observations  made  hy  Professor  James  Forbes  on 

•  The  lomperalurc  of  one  spring  WQ9  181°,  of  another  190°,  The  stream 
of  hot  water  wliich  floRs  away  from  the  batU,  and  which  has  a  temjicrature 
of  97°  Fahr.,  is  inhabited  by  a  particular  univaive,  the  ilWano/wrs  biicci- 
noiiloa,  whicli  seems  In  prefer  warm  water  to  cold,  as  it  existed  only  in  the 
Harm  stream,  and  not  in  a  rivulet  of  cold  natcr  close  by.— (H.  E.  S.) 
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those  of  the  Pyrenees*  have  set  a  good  example^  which 
others^  it  is  hoped^  will  imitate. 

Be  that  however  as  it  may,  it  is  not  the  less  certain,  that  of 
the  three  classes  of  phaenomena  relative  to  thermal  springs 
which  have  successively  come  before  us,  each  one  points  to 
the  same  conclusion. 

Their  position,  even  when  it  does  not  bring  them  into  im- 
mediate association  with  active  volcanos,  is  in  general  such 
as  to  favour  the  suspicion  that  forces  of  a  similar  kind  have 
been  in  operation  in  their  neighbourhood,  and  in  accordance 
with  this  view,  their  temperature  bears  often  some  relation  to 
the  probable  recent  date  of  the  latest  symptom  of  volcanicity. 

In  the  second  place,  we  have  seen  that  the  gases  emitted 
from  the  earth  on  the  spots  where  these  springs  make  their 
appearance  are  the  same  as  those  which  escape  from  volcanos, 
and  which  are  found  associated  particularly  with  languid  vol- 
canic action ;  whilst  as  we  compare  the  phaenomena  of  Yesu* 
vius  with  those  of  the  Solfatara,  or  of  Volcano,  and  the  latter 
again  with  the  Crater  evolving  merely  steam  which  occurs  in 
New  ZiCaland,  we  trace  so  many  successive  links  binding  to- 
gether the  processes  of  volcanos  and  of  thermal  springs. 
Thirdly,  it  has  been  shown,  that  this  class  of  waters,  as  well 
as  others  not  thermal,  which  contain  some  definite  gaseous 
impregnation,  do  not  seem  of  transitory  duration,  but  to  pos- 
sess the  same  permanency  of  character,  or  what  appears  to  our 
limited  views  as  such,  which  volcanos  themselves  exhibit. 

If  it  be  said,  that  the  high  temperature  of  a  spring  only 
proves  the  great  depth  from  whence  it  is  derived,  inasmuch 
as  even  in  the  basin  of  Paris  water  of  the  temperature  of  82^ 
has  been  obtained  by  sinking  as  low  as  548  metres,  I  would 
reply,  that  the  very  fact  stated  affords  to  my  mind  the 
strongest  presumption  in  favour  of  these  views,  since  it  shows 
that  the  gases  which  indicate  the  connexion  between  thermal 
waters  and  volcanos  do  not  make  their  appearance,  where 
springs  arise  from  a  great  depth,  in  spots  where  volcanic  ac- 
tion is  not  going  on. 

The  rarity  indeed  of  thermal  waters  unattended  with 
gaseous  impregnations  of  the  kind  alluded  to,  or  where  the 

*  Philosophical  Transactions  for  1836. 
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body  is  Bparingly  soluble,  with  bubbles  of  the  gas  accompany- 
ing the  spring,  seems  to  indicate,  that  volcanic  action  at  one 
period  or  another  must  have  been  instrumental,  in  creating 
and  in  keeping  open  the  fisaurea  or  channels  of  communica- 
tion, through  which  water  could  reach  the  surface  from  the 
neceasary  depth. 

Moreover,  in  the  few  cases  iu  which  either  simple  thermal 
watera,  or  sulphureous  ones  of  any  temperature,  may  be  in- 
ferred to  have  no  connexion  with  volcsiios,  or  at  least  with 
existing  volcanic  action,  the  former  have  not  the  gaaeous  im- 
pregnation, nor  the  latter  the  permanency  of  character,  which 
belong  to  the  springs  we  have  been  considering. 

In  Ischia,  for  example,  1  have  given  in  my  13th  chapter 
a  list  of  springs,  possessing  a  high  temperature,  but  free  from 
gases  of  all  descriptions,  which  obviously  derive  that  exceas 
from  the  heat  which  per\'ade8  the  rocks  of  the  island.  Fodere* 
has  mentioned  some  of  the  same  nature  in  the  Maritime  Alps, 
and  Angladat  in  the  Pyrenees,  which  go  by  the  name  of 
timple  thermal  watert.  The  former  would  seem  to  derive 
their  heat  from  the  decomposition  of  pjTites,  to  which  maybe 
owing  the  formation  of  the  beds  of  gypsum  from  which  they 
spring ;  the  latter  are  regarded  by  Anglada,  as  having  bor- 
rowed it  from  the  rock  wanned  by  the  passage  of  heated 
gases  through  its  substance. 

And  when  a  sulphureous  spring  arises  from  the  decompo- 
sition of  pyrites  or  of  iilkaline  sulphates,  I  suspect  it  will  be 
frequently  found  to  vary  materially  in  point  of  strength  within 
short  intervals  of  time.  Thus  one  at  \\'illoughby  in  Warwick- 
shire yielded  me,  in  the  autumn  of  1S28,  IG'9  cubic  inches  of 
sulphuretted  hydrogen  to  the  gallon;  in  the  April  following 
I  could  detect  only  12'63  cubic  inches;  and  in  the  autumn 
of  1834  only  5-2. 

No  such  rapid  changes  in  the  amount  of  the  gases  dis- 
engaged have  been  noticed  in  the  case  either  of  thermal 
springs,  or  of  those  connected  with  them,  except  perhaps 
after  the  occurrence  of  earthquakes  or  other  great  physical 
convulsions. 

But  perhaps  the  most  conclusive  argument  in  favour  of  the 
•  Voyages  au 
t  Anglada,  T 
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connexion  of  thermal  waters  with  volcanos  is  of  a  negative 
kind — I  mean  their  entire  absence  over  vast  tracts  of  country 
where  no  volcanic  appearances  exist. 

It  appears  indeed,  from  the  statements  of  Scherer,  in  his 
work  on  the  mineral  waters  of  the  Russian  empire^  now  con- 
firmed by  the  extended  researches  of  Sir  Roderick  Murchison 
and  his  companions^  that  neither  thermal  nor  acidulated 
springs  occur  in  any  part  of  that  vast  tract,  till  we  approach 
the  mountains  of  the  Caucasus  and  the  Ural,  or  the  volcanos 
of  Kamtschatka. 

Upon  the  whole  then,  I  think  it  may  be  fairly  concluded, 
that  thermal  waters  in  general  afibrd  indications  of  the  more 
languid  and  continuous  operation  of  that  internal  Force,  which 
manifests  itself  in  the  volcano  and  in  the  earthquake,  and  that 
its  consideration  consequently  deserves  a  place  in  a  treatise 
dedicated  to  such  a  subject. 

I  will  therefore  terminate  this  chapter  by  a  tabular  view  of 
the  principal  thermal  springs  which  have  been  examined  with 
any  pretensions  to  accuracy,  exhibiting  their  physical  as  well 
as  their  chemical  characters — their  temperature,  no  less  than 
their  principal  gaseous  and  mineral  accompaniments. 

But  in  order  to  convey  some  sort  of  idea  of  the  relative 
intensity  of  the  force  to  which  their  superior  heat  is  attribu- 
table, I  shall  set  down  only  the  excess  of  their  temperature 
above  that  which  I  have  supposed  to  represent  the  mean  of 
the  climate  at  the  spot  where  they  appear,  and  not  that  which 
they  have  been  actually  ascertained  to  possess.  This  method 
however  can  give  rise  to  no  mistake,  as  the  reader,  in  order 
to  learn  the  true  temperature  of  a  spring,  has  only  to  add 
together  the  number  in  the  sixth  column,  rejnresenting  the 
excess  of  temperature,  and  that  given  in  the  first  as  the  mean 
temperature  of  the  spot ;  the  latter  is  indeed  liable  to  much 
uncertainty,  and  can  only  present  an  approximation  to  the 
truth,  as  no  allowance  is  made  for  the  elevation  of  the  loca- 
lity :  but  it  may  serve  the  purpose  intended,  by  preventing 
the  confiision  which  might  arise  in  the  mind,  firom  seeing,  for 
instance,  a  spring  in  the  tropics  stand  higher  in  the  scale^ 
because  it  elevates  the  thermometer  to  a  higher  point,  than 
one  in  a  colder  climate,  which  exceeded  by  a  greater  number 
of  degrees  the  mean  of  the  country  in  which  it  occurs. 
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TOtlo   NeirPnnltfort 

1  I   on  tlie  Maine 

Kreutinach Felspar  porphjrj Lower    Rhine 

Kiisingen    Muschelkalli    Bivaria    . 


%i  Nui 


I   King's  Bwh      6%  King's 


10 
I  KaiierqneUe  8&1I'... 

I   MUhlenbendlZl-a... 

3  Rondcel  81 
S   KDchbrunnen  108 

4  Scbacbtbrtumeo 

I  27 

3   Gemeindebninneu  ... 

I  ^0| 

3   Miinatet  am  Stein... 


6   Sootenspmilel   17. 


*  N.B.  In  thia  estimate  of  mean  temperature,  ai  no  allowance  ii  made  for  heigbt,  it  ii  evident 
Bnxton,  Bakewell,  &c. 
t  Where  the  name  of  the  ipring  ia  not  given,  the  number  ia  undenlood  to  indicate  the  amnnnt  er 
X  N.B.  Where  not  otherwiae  apeclGed,  the  apring  alluded  to  in  tbia  and  the  next  eolnmn  ia  Haon 
t  The  ingredienla  preaent  only  in  minute  quantitie*  are  printed  in  ilalica. 
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Thermai  Springg. 


inmdiena 


Dauben;  ■ 
DiRa  .... 
Ditto  .... 
Ditto    .... 


QJocid     3-750  Hot  Wei! 

lauiir       0'375 
Carbonic  add    0-187  Sc  Anne'i      \-91'j 

o-aea 

Dath  Spriog       3-: 

Warm  Spring     2'i 


Mur.  lime  mi 

{lodiof, 

Sulph.  loda,  m 
Mur.  magn.  and 
Llph.  of  lime,  cnu 
ilph.  of  loda  a 
Sulphite  of  magni 
Carbonate  of  lime 


of  soda... 


Phillip). 

CanicV. 

Scudamoi 

Daubeny. 

Ditto. 

Ditto. 

Ditto. 


30  I ,69-5 


Moabeiin  ■ 

Dauben;  ■ 


Garb,  acid  .with  a  trace 

of  aulph.  hyd. 
Sulphuretted    bjdro- 


0  Ditto    . 
27  Ditto    . 


Carbonic  acid  with 

little  nilrugen 
Carbonic  acid 


,8-26; 
KwserquellB  3I-9a 

Muhleobend    31- 

Keaseibrnnnen  28-9 

KochbninneD  57-59 

Scbsicbtbrana    G'O 

SBlIzquelle 

derflruckell9-e 
Tbeodoraball    S7-9 

Sooleiupnidel   1C9 


Carb.  and  aulph.  of  >od« 

IJIkia,  potan 
Mur.,  carb.,    and   lulph. 

loda  I  Si^Auret  itf  to- 

diunt,  phoip/l,  tada 
Mur..  carb.,  and  sulph  .  of 

Boda :  Lilhi 

fluoric  acid 
Carb.,  mur., 


lur.  of  soda  i  Polast,  in 

tur.  of  soda,  lime,  an 
magneilH;  Polaa,  ali 
mina  phosphoric,  acid 

tur.  of  Boda  107  gr.,  and 
other  ingredii    "      '     - 

proportions  a 


Funke. 
Monbeim 

Ditto. 

Slruve. 
Ditto. 

Sclii-ein- 

lierg. 
Prieser. 


a  deduction  mutt  b«  mads  ii 


a  where  the  ipring  ia  placed  above  the  IctcI  of  the  tea,  h 

from  an  the  thennal  iprings  belooging  to  the  locilit;. 
be  the  aame  a*  that  of  which  the  compoaition  ii  given. 
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1 

-liettUlfipnaB 

Gmlogictlpoitlan, 

"•■sa.r 

is 
-.i 

hotttml  .^ng  nd 

Number  Hi  mb 
troitrd  in  It  1» 

thuorihllacalit;. 

„-.„. 

< 

S 

i 

Wolkenstcin    .. 
Wicsenbad  

13 

13 

. 

6 
10 
14 

33-5 

200 

Sprudel        117-0 

16-0 

Hkuptciuellc   ;i-0 

Trinkqoelle       <7 
Old  Bilh        3S-5 

Gmnile,  in  \  valley  of' 

Bohemia 

12^9 
77,250 

VolomiB  pwphyry 

AtUwfixrtoftgranilic 
chain 

Wirmbnmn 

12,960 

Si-- 

Si 
-fi 

Wirtembarg- 

Dach;  of  Bt- 
Ditlo    

13 
30 

Ditto        96-4  F.f 

Baden-weiler  .. 

12,033 

" 

SallibnrsAlpi 

1    qudie 
40,950 

•E& 

*  Thu,  bowerer,  li  in  abore  the  mark  with  referaiM  to  the  mqjoiit;  of  ipriDgs  Bnmnented,  is  «a 
f  WttuD  the  ume  range  of  latitode  ai  the  aborc  occuc  the  followiDg  thernu]  Bpiingt,  few  vt  wl 
ai  itated  below,  tiz. 

IttStyria. 
Doppelbad,  near  Gratz     32-75  F. 
Rdmerbad,  near  Cilli  ...  4800 
Nanhiai,  near  CiUi 4625 


/a  Moravia. 


In  Cariidhit. 
Uantblame,  nor  Tiierte.  i 


TABDLAa  VIBW. 


575 


aptinga. 

(Continued.) 

^=■==5=- 

o-««™«„-. 

% 

i 

I 

ARonUne 

....^.^0.^- 

.piingmonHlruoglj 

■Hid  uf  Iht  man  Mti.e 

'> 

2 

2 

98 

DMbeny  ... 
Ditto  

C.  In. 

(in. 
1-84& 

4-03 
30-2 

is-e 

4-77 
2-62 

Cu-b..  sulpha  and  mur.  of 

SOtU 

Sulph.  and  caib.  of  soda; 

Sfronfim.      tnanganfie, 
jtooHc  and  pAoiyA-orirfi 
Ciit.,  «ulph.,  and  miiriite 

of  soda:  lilhia,  palau, 

odd 
Carb.  ind  anlph.  of  soda; 

P*»ipA.oeW(Beraeliii8) 
Sulph.  and  carb.  of  foda; 

Sulph.  and  mar.  of  loda. 

Lampadiij 

Ditto                  11-B5 

Ditto                     2-4 

Nitrogen            0-736 
Sulph.hTd.6.Glo8.0 
Carbonic  »cid       I-OO 
Sulph.  hyd.          *-33 

<l 

2 

5'3 
0 

94-7 
100 

Diubcny  ... 
Ditto   

Tichottnf 

zm 

6U 

Dfie 

WeiM  

Carbonic  aaA     12-00 
Nitrogen            7925 
Oxygen                  e-25 

3-59 

Mnr..  cirb.,  and  luli*.  at 
■oda 

"^r 

1    .ulph.  of  lime,  .ilira 
l-7,Cbiefljc«rb.(.(lime  

1-076  Snlph..Ume  tod  m«(fn*ii. 

Wolf. 

Sulph.  hjrd.           3-33 
Cirijonifl  .rid       1-77 

Schenb. 

da,  aod  pouw 

Ofen,  orBoda 935 

Tranctin  £3-0 

P5ithenr,  DBuPreabvrg...  95-76 

Bibar,  Qoar  Neiuohl    27-80 

AltioU,  near  ditto  3i-7a 

Stnboii,  ntar  Eremiiiti   ...  59'75 

Oran 13-9 


an  tempcratare  (&!')  of  At  dimi 

hlhrngTu. 

Sialathcf 9 

Lneaka.- SB 

Glauh&tt«,  near  Scbcmiillt  U 

EiMnbaih,  near  ditto bS 

Faiad,  neai  ErltD   36 

Siobnnei,  near  Dnghoar  >••  19 
Bndoa,  near  ?linfk)reb«n  ...  BS 


r 
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CatatoffUe  qf  Then 


tl 


^.1 


SLAmand  

lurbaane    lc« 
Bsius 

Luieuii 

Plambierei  

D^Snolu 

aaiboanc  I'Ar- 
chambaolt 

Bourbou  Lancf . 

Vicby  

Neril    

MoQlDor    

BourbDule    

St.  Neclnirc 

CbaudDsalgiies... 


Slate  corering  the  cos! 
fonnalioa 

Gnnite,  ccvercd  b;  Ju' 
limeitoae 

Graniie,    rniered    vtl 


N>«r  Valenci- 
ennes,  Dep. 
du  Nord 
Nr,  Ch«u- 
■uont,L>£p. 
Haate 

Near    Ve- 

■rul.  D^p. 


Dillo    , 
Ditto    . 


e  llaii 


Nea 
nri,   D^p, 
de  Vosges 

Near  ditto, 

Near  Aleujon, 
Dep.  d'Ome 


Grand  Bain    75-. 

Ditto  95- 7& 

GroEie  Source   71 


S,frlO. 
9,000, 


SUM  fonoalJon  . 

|Dil[o    

.Cnalfonimliun.co 


Near  Hod' 
tini,  D£p. 
de  I'Allier 

Near  I 


..  Bassiu  dca  Bflini 


lO^OO 

9,360 


•  The  matk  (*)  indicates  lliat  the  g 


TABULAR  VIEW. 


«77 


r.    (Continued.) 


0««.™.,™... 

aalidoinKuu. 

h 

1 

1 

lo 

laipiotofilMvUs. 

°i..grtdi«.SP^o" 

^. 

g™. 

Sul|>huro(  of  sodium,  sul- 
phate of  BOcla.  and  mag- 

Muriale»  of  loila  nod  Ume. 
lulpbaiet   of  liinc  acd 
luagnesia 

.Muriates  and  suljihstes  of 
eoda,  lime,  and  loagncsia. 

Muriatei  (nd  »iil]di«tes  of 
loila,  magnesia,  andlimc 

MimBt£iofio(la.lime.and 

inagnesii. 
M  urial  es  of  soda,  m  o  guesia, 

0 

i-i 

100 

LongchwDp 

52 

18 

Vtuqudln. 

, 

• 

• 

MuT.  loda,  lulph.  soda. 

Mur.  of  Boda  and  potaii, 
aulph.  loda  and  lime 

Carb.,  mur.,  and  sulph.  of 
soda 

Carb.,  Bior.,  and  aulpb.  of 
goda- 

Citb.,  mur.,  and  aulph.  of 

Muriate  of  soda. 

Carb,,  Bulph.,  and  miir.  of 
suila 

Carb.  and   mnr.  of  soda, 
mBgneaia,  lime,  aad  ox- 
ide of  iron 

13-478 

SoDJce  dd  Celet. 
tini               62 

100 

0 

0 
100 

9-IS 

0-B& 

Daubeny  ... 

Source  deliMkde. 
loiae           11-4 

Source  de»  KL-Tre« 

18-2 

2nd  Spring     60' 0 

Source  de Par  H'S 

13 
15 
1 

30 
25 
12 

DBubcnr 

lleurj-. 

SO 
37 

cslitii  bvt  that  fta  proportioa  it  unkiiaini. 


578 
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OeofrnsLicj 


utnpcnture  Kborv 


Volcanic  radu... 


Stdotl^a 


Teniiry  limMlone, 
Toring   graniiF,   nith 
volcanic  rocks  near 


Ljmntnnu    in    iuclined 


Limetlnlw    in    inclined 


Near  Gan- 

lul,  Dtp. 
de  Puy  de 

NeuNeris, 
Dip.    de 

Near    Au-j, 

Dep.ri'Ar- 

Nr.Miiiide, 


£5:  e  ,Cam|iQ[;no    .... 
-*■    _  S  St.  I'aHl  lie  Fi 
naiulhaiicg 


mitslonc,  breccia,  and 
llnieslonE,  licloligiiig 
111  llie  tunl  fonnf' 
lilghiT  ill  u  lined. 


Vcrnet ., 
MalilB... 
Thupi  ... 
f.  ThDui 


..  Jiiiiclion  lit  gnmilc  Willi 

slrolffied  racks 
..GTaiiUe    


:;:;::}'■: 


qnarlzose  {jruiiitc 


Alpei 
D^p.     dd 

Bouches 

dll    BIlCTH 

Cclli'.il.-ii 
'Ueraiill     i 

So.,     S,J 

.MTriqua, 

Di.-p.     dp' 

rAvcvrnii  ■ 

Near  '  Li-l iUiiLiiful 


Petit  Escalilfldon 

Source  d'Apollon 

71  ■( 

Source  iultriciLr 


TABULAB  VIEW* 


Springi'.    (Continued.) 


I.nv«rti» 

edu 

Ibcir  nliiUTe 
tothroUiu. 

G«™.oo.«nu. 

apud™t«.t.. 

|i 

1 

1 

la.pi«<.(ih.«l^. 

inpedi™u°ln.piDt 
ipnnj  mo.t  «n>ngl, 

"pgTHiiEnU  p™nl. 

ACMnUig 

Cln 

Gri 

Cari).,  ndph.,  Bad  ratir.  of 
soda. 

Cirb..  mat.,  tnd  lulpli.  (d 
*wl«. 

ofUrae."                    '^ 

Sul|>1iace  of  magnesia  and 
lime,  mur.  ofBoda. 

U'3 

Carbonic  ficid,  eulph 
hydrogen 

IS 

Carb.ofiDaniaia  and  lime, 
■ulph.  oTlime 

Mnr.of8odaandn.aEne.ia, 

and  lime,  csrb.  of  lime 

Mur.  anit  .nlpli.  of  soda 
and  magneiia. 

[)»ldeofiron. 

Sulphuret  of  wdium ,  Eoda, 
Cftuitic    and    combinod 
with  Bnlphnric  add 

Cvbonic  add        C'O 

Fipier. 

Carbonic  acid 

Niirojen  and  oxygen 

130 

2-0 
0-978 

1-32S 
0-W4 

'^ 

■1 

AngUd*  ... 

\n8Uda. 
Ditto. 

D 

Ditto, 
Ditto. 

THERMAL  WATBllS. 


Cataktgue  of  TTtermai 


From  gnu)[lic  [>eb1ile>.. 
Mica  itete    , 


■sj 


Mic«  >1*M,  resting 

(Rrcbiroid  lunes^ 
Janclion  of  gnaiie 

tinintone  alotig  i 

o/fiaure 
Grtnite  near  its  conuct 

with  alftie 

Like  Eanldu 


Limcttone,  wilh  granite 
coiiliguoui 


tifgNiHiienMrit         \l 


t.  Ssuveur ., 


Font  A^ 
BeuCdde    23-75 


Source  d'£xlialadc 


Buvetu      t7i  P. 


44-4  F. 
Soum  Gervaii 

24'ZS 
Source  dnCtituiui. 


Ditto,  do. 
Valley   of 


400      lg,OO0 .. 


Source  A    36-4  F. 


TABULAR  VIBW. 


Sprn^t.    (Continued.) 


Anglsda. 
Ditto  ... 
Ditto  .... 
Ditto   .... 


Cart.,  lulph..  and  ir 
loda;  raidt  of  in 

SuEpli.  of  lime  uid 
nor.  of  Boda 

Ditto    


Ditto. 
Ditto. 
Ditto. 


KydroBitliiLnret  of  aoda 
with  >oda  and  potasa 
caiutic  ?  suljih.  of  soda . 

Ditto    

Ditto   


Ilrdroiulphuret  of  aodiu 
Sulph.  and  mar.  of  mag 


Ditto   . 
Ditto    . 


Source  de  la  Hcii 


Sul|)}i.  of  liine,  masDeaia, 


LcPrf  23 


THBBMAL  WATBR8. 


Cataloffue  of  TlhermeJ 


Stat  at  llu  |itut 


"•SS;" 


SE  ;       NunioTcba  Nunbcr of nbll fc« 


Bini  Bonn«*  . 

i 

EiuxCbiuidei. 


I  Cunbo .. 


laiFillcjof  diirnpli 
from  highlj  inciiaed 
beds  of  limeMonr ,ne«i 
tts  rontact  with  granite 
1 1  nller  o(  iltiruption, 
at  the  joodion  of  gra- 
oiu  vith  inclined  beds 
of  Umeiionc 
liiT-ilslc  in  incliucil 
■trsti,  reding  on  gra- 

Compsct  limeatone,  with 


I  BarboatoD    .... 
Caaiera-vivanl , 


22  iCIol  S4-6F. 


D^p.   do 

Dtp.     d< 
Gen 
Ditto  .... 


Ctntoo  o(  St. 


,,Clay-ilflte  and  compaci  Valley  of  I.ug- 


S  (LouecliG  ■ 
B  l.fliuleii  


..  Disrupleii  Utds  of  lime-  Caulou  of  Va-    -17 
,     bluiic,n'itligrarittciiat|    Injs  j 

fur  dittant  I 

,.! CautoH  uf  Ar-'  1(1 


;MF..    161,3GJ.. 


.  Vcrcne      rS'OOne 

I     spring 
1H6,32; 


TABULAR  VIBW. 


Sprhfft.    (CoDtinued.} 


..  Sulphuretted  b;J. 
.,  Ditto    


.  Sulph,  of  Mdn  rqJ  mur.  of 


il  Salphate  of  soda  and  mag-  CspeU 
ncsU,  muriate  of  aoda 
and  magneus 


..  Carbomc  acid  .. 
..  Ditto   


'1  Su1|>batesoflims,soiU,Bad 

17  Sul|iliBteoflimc,iaign«aia, 
and  toda 


'0  Siilphaie  of  lime  aiid  toda, 
mur,  of  soda  and 
oxide  of  iroa 

<a  Muriate  of  toda,  aulph.  of 
lime,  carb.  of  ioda 


Morcll 
Bauba 
Ditto. 
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wlwr-  tin  lining 

liuciU^ll  pH^lWll. 

-vre-^ 

fi 
11 

NumdIiIk 

b«l«1 11.111.1;  ud 

fXainirtionnrf 

""''^'"'™"^- 

w«.   1     c. 

St.  Oerrui 

Sl.M«rUno 

NearSiUmche 

Xoir   Wormi, 
in  Ihe  can- 
ton of  V»lte- 
Unc 

He»T      Cham- 
bory 

Tu»nt»u«,  nr 
B«rgSt,MM. 

rice 

SwMoDtiw. 
ToruitaEM 

17 
50 

50-56 

Varies  from  GS  to 
46 

67-0 

,m 

Griitv     dark-coloured 
enndilgne 

k 

1 

i 
1 

M 

495 

47-ai 
398 
U-i 

20-26 

5 

VtDtjotkout 
VillejoTAoiW 



/My*. 
.61.  45°  10  43".    Mean  ten 
..Aci|ui,cxri'ss  of  [f  iiijicrai 

Aci|<m  Ucllu  llollrtiie 

Vaklieri 


lailin  .. 


Ikg, 

■If  San 
lie  VLB 
u.,  llnll 
Vccclii 

KilipiH. 

une  (the  Itescrvoir) 

an,i  (llic  Ukp)  

I'uiz 

ull.  Tt'i 
of  Ncr. 
rdii   ... 

pie  of  Strains 

T.MT 

;;;;:^~ 

Ml- 

j;  of  10  carlHjr 

1  Central 
e  acid,  2  o 

ni  Sonllicr 
iyg<^i,,  SIS  1 

•  It  is  wortli   rcniarkiug, 
tionsofiolcaiiieadioii, 
t  At  llic  ItejLTVuir  (.'Mill 

lliat  all  l!ic  1 

n  Italy  I 
ln>sen. 

TABDIAB  VIBW. 


Sprinffi.     (Continued.) 


olicd  uid  tbeir  nlUiri 


1^ 


)0  Gitnbemat , 
38  Uuibcny. 
}0  Socquet   .. 

...  Daalienf  .. 
...Ditto   


Tool  unDiml  of 
inmdicDtt  bi  ■  pbil    I 

pringiiio.t.troogly 


Cubonic  add  .. 
Ditto    


45-47  Sulphate  of  aodaaml  lime, 

I     mur.  of  smla  auil  mag. 

33-3  Sulphates  of  soda  and  lime. 

cub.  af  lime 


!iS' I  .Sulphate  oC  lime,  soda,  and 

I    mag.,  mur.  of  mag. 
A  strung  brine  spring. 

Mur.  «oda  and  mag.,  sutpb. 

of   lime    and   alumina, 

oxide  of  iron 

Mur.  soda,  lalph.  of  mag. 

I    and  lime,  oiide  of  iron 


Piciet. 


Rullin 

Ditto. 


Aindt  eoitntcltd  gMgngihiealfy  aillt  Itcl^,  and  in 
Ike  tamt  lalihidt,  9ti.  i 

N.  Lat.  13°  to  10°.    Mean  temp.  61°. 
Onrgitello,  IkIuo,  Tariei  from  83°-5  to       . 

91°-5...  88-     F, 

Aqua  de  Cappone,  Iieliia 27'2S 

Olmitello 14-00 

Citara   62-00 

Bagpi  d'Iscbis StiOa 

LaRettituta 62-00 

Cvf^Mt,  SardMa  99' 

Acqua  Cotta 44- 

Beoetutti  39- 

Sardan 50- 

Goiter*,  Cornea  61- 

Onagno 57- 


Ilalu  and  ad/mtnt  Mmdi. 

N.  Lat  40°  to  37°.    E.  LoDg.  13°  to  IV 

AMumed  mean  temp.  63°. 

Sanlft  Eafemia,  in  CalaMa    

Bagni  di  Lipari,  ItUmdi^IJ^tri 

Termini,  Sfci^ 

Trepani,  lulphureoui,  hot  

Sciacca,  Baibs  of  Saint  Calogero  


flukoftbe  Apennineii  that  bordaiog  on  the  Adriatio  bdng  deatltnta  alike  of  tiieta  udtf  otha 


IBS  TIIBRHAL  WATERS. 

Spanuk  Pemruuia. 

N.  Lot.  41^  to  36^    W.  Long.  9"  to  E.  Long.  1°. 

Mean  temp,  not  suflicieiuty  ascertained. 

Along  thf  line  o/thc  Pyrenees. 
Catalonia,— Miilaviila,  netir  Qeroiin ;  Eslruc,  Momboy,  near 

Barcelona. 
Aragon. — Pantecosa,  and  Tiermaa,  yi°'5  F,,  near  Jaen; 

Albamn,  near  Catalayud. 

Mountains  vffhe  North-Wealem  Proiincrn. 
Ga/icifl.— Caldas  de  Reyos,  102"  F.,  Cuntis,  102"  F.,  and 

Carbello,  75^  F.,  near  Santiago. 
Leon. — Almeida  ;  Ledisma,  10-1°  F.,  near  Salamanca. 
Old  Castille. — Arnidello,  10?°  F,,  near  Calahorra. 

Sierra  3 f arena  range. 
Estremadura. — Bancs,  near  Matagotir. 
A'ew'  Castille. — Trillo,  91°-5  F.,  near  Ctfuentesj   Sacedon, 
71''"5  F.,  near  Ilueta;  Fuencaliente  in  La  Manclia. 

Sierra  Nevada  range. 
Grenada.— Bazn,  86°  F. ;  Almeria,  lO?"  F. ;  Grnena,  89^  F.; 
Alhama,  112°-5F. 

Volcanic  rocks  of  the  Soidh-Eaatei-n  Provinces. 
Mnrciu. — Archciia,  113°  F.,  near  Murcla;  Buzot,  104'  F., 

near  Alicant. 
Valencia. — Villavicja,  75°  F.,  near  Valencia. 

Li  Portugal. 

Proviiirr  of  Minho. — 1 .  San  Antonio  das  Taipas,  or  Caldas 
d;is  Tiiii»as,  near  Giiiinaieiis,  siifjilunTons,  91°  F.;  2.  Cal- 
dellas  lie  Hcndiisa,  SiJ";  ;1.  Caiiavcrcs,  near  Gniinarens, 
snl])lmrcous,  O.i'^'S  ;  t.  Guiniarcns,  sulphureous,  13S°; 
5.  Mon9ao,  near  Ucana,  l(H)"'l. 

Province  of  Tra  los  Monies. — 1.  C'arlao,  Villa-real,  sulphu- 
reous, y2°'8 ;  2.  Chaves,  near  Bragan/.a,  alkaline,  I41°'t'; 
.i,  I'ombal  d'Aiiicaes,  near  Torre  de  Moncor\o,  sulphu- 
reous, yj";  4,  I'oiitc  de  Cavez,  Villa- real,  sulphureous, 
7'1''"75  J  5.  Rede  do  Corvaceira,  dc  Moledo,  dc  Pana- 
guiao,  9S*^'G. 
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Province  ofBeira. — 1.  Alcafache,  nearViseu,  98*6;  2.  Are- 
gos,  near  Lamego,  142°'25 ;  3,  Canas  de  Senhorim,  near 
Viseu,  93^-2;  4.  Carvalhal,  near  Viseu,  98^-6;  5.  Santa 
Gemil,  or  Lagiosa,  near  Viseu,  120°'2;  G.San  Pedro 
DoBul^  near  Viseu,  153°*5 ;  7«  Penagarcia,  or  Caldas  di 
Monsortinho,  near  Castelbranco,  68°;  8.  Penama9on, 
68° ;  9.  Prunto,  Azenha,  or  Vinha  da  Rainha,  near  Co- 
imbra,  89°-6;  10.  Ranhados,  near  Pinhel,  107°-6;  11. 
Rapoila  de  Coa,  near  Castelbranco,  93°*2;  12.  Unhaes 
da  Serra,  near  Guarda,  87°*8. 

N.B.  All  the  above  are  sulphureous,  excepting  Pena- 
ma9on. 

Province  of  Estremadura, — 1.  Caldas  da  Rainhas,  near 
Alemquer,  sulphureous,  93^*2 ;  2.  Cascaes,  or  Estonl, 
Torres  Vedras,  84°*2 ;  3.  Gaieiras,  near  Alemquer,  sul- 
phureous, 91°*4 ;  4.  Leyria,  77°  5  5.  Lisbon,  sulphureous, 
86°;  6.  Miorga,  Alcoba9a,  82°-4;  7*  Povea  de  Coz,  Al- 
cobaco,  77°;  8.  Rio-Red,  Alemquer,  sulphureous,  75°'2 ; 
9.  Torres  Vedras,  111^*2;  10.  Agua  santa  de  Vimeiro, 
78^-8. 

Province  o/Alentijo. — 1.  Cabejo  de  Vide,  80°*6. 

Province  of  Algarves. — 1.  Monchique,  near  Lagos^  sul- 
phureous, 92^-7 ;  2.  Tavira,  75°'50. 

Provinces  of  European  Turkey. 

N.  Lat.  46°  to  41^     E.  Long,  l?"*  to  29°. 
Mean  temp,  not  sufficiently  ascertained. 

Line  of  thermal  waters  extends  from  north  to  south  in 
Servia,  at  the  foot  of  the  chain  of  mountains  which  connects 
the  Carpathians  with  the  ridge  of  the  Balkan,  and  through 
which  the  Danube  forces  its  way  between  Moldavia  and 
Gladova.  The  line  of  hot  springs  begins  at  Mehadia,  in  the 
Bannat,  and  extends  south  beyond  Nizza  in  Servia. 

A  second  line  may  be  traced  running  east  and  west  at  the 
foot  of  the  Balkan.    The  hottest  has  a  temperature  of  162°'5. 

A  third  group  exists  in  southern  Macedonia,  near  Salonichi 
and  SeiTes.    They  are  mostly  sulphureous. 
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Greece  and  Ua  Islands. 

N.  Lat.  41°  to  36°.     E.  Long.  20°  to  2?". 

Mean  temp,  not  ascertained. 

A  group  of  thermal  springs  at  the  base  of  Mount  Oljinpus. 
The  tem])eratiirc  of  that  at  the  Pass  of  ThermopyliE  waa 
found  by  Clark  to  be  113°. 

Hot  bath  of  Venus,  east  of  Corinth. 

Korantzia,  south  of  Mount  Geranicus,  near  the  Gulf  of 
Corinth,  gaseous  eruptions  and  a  spring  at  87'''«. 

At  Venetiko,  west  of  Lepanto,  a  sulphureous  Uiermal  spring, 
called  Taphoi  (Tombs  of  Nessus). 

Six  leagues  from  Patras,  a  saline  thermal  spring,  SG^-S. 

In  the  Morea,  near  Methana,  in  the  ancient  Argolia,  near 
the  base  of  an  extinct  volcano,  and  in  the  Archipelago,  in  the 
islands  of  Negropont,  (Lelantho,  near  the  ancient  Chalcis,) 
of  Milo,  Thermia,  and  Lcmnos,  are  thermal  waters*. 

Iceland. 

N.  Lat.  63"  to  67°.     W.  Long.  12'  to  25". 

Mean  temp.  37'''4  Fahr. 

A  very  numerous  class  of  sulphureous  waters,  with  a  high 

temperature,  remarkable  for  the  amount  of  silica  which  they 

contain  in  solution,  is  found  in  that  part  of  the  island  where 

trachyte  exists  and  volcanic  eruptions  at  present  take  place. 

Tiicy  are  distinguished  into  three  kinds,  viz. — 

1,  Those  constantly  agitated  and  in  a  state  of  ebullition. 

2.  Those  only  agitated  at  particular  periods,  being  perfectly 
tranquil  during  the  intervals. 

."!.  Those  whose  surface  is  always  tranquil  and  never  agi- 
tated or  boiling. 

A  second  class  of  thermal  waters  of  a  lower  temperature, 
and  inijiregnated  only  with  carbonic  acid  g.is,  occurs  in  the 
volcanic  promontory  of  Snccfield-Syssel,  where  igneous  opera- 
tions have  ceasedt.  These  only  deposit  calcareous  tufti  not 
containing,  like  the  former,  dissolved  silica,  although  it  is  re- 
markable that  at  former  periods  they  must  have  done  so,  as 
siliceous  incrustations  exist  round  about  them  in  the  form  of 
tutfs  and  sinters. 

•  Consult  Virlct,  Espttlition  Scicntifiquo  il>i  Mortc. 

t  See  Ivrug  \'oii  NiJda  in  Ediub.  New  I'liil.  Journ.  vol.  vxii. 
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America. 

The  only  thermal  waters  in  the  New  World  which  have 
been  examined  with  any  degree  of  accuracy,  are  a  few  of  those 
of  the  Cordilleras  by  Boussingault  (Ann.  de  Chimie^  1833)^ 
and  those  of  the  United  States  by  the  scientific  men  em- 
ployed in  the  various  geological  surveys  of  that  country. 
The  results  obtained  with  regard  to  the  former  have  been  re- 
peatedly referred  to  in  the  course  of  this  volume,  and  many 
of  the  thermal  springs  found  in  the  latter  portion  of  the 
American  continent  have  been  likewise  noticed.  As  however 
Professor  W.  Rogers  has  studied  with  more  particular  atten- 
tion to  accuracy  those  of  the  mountain  fegion  of  Virginia,  I 
shall  terminate  this  tabular  view  with  the  following  state- 
ment of  the  principal  particulars  respecting  them,  which  he 
has  brought  together  in  the  interesting  Memoir  already  re- 
ferred to,  entitled  ^^  On  the  Connection  of  Thermal  Waters  in 
Virginia  with  Anticlinal  Axes  and  Faults^ 


Name  of  the  ipring. 

Geological  position. 

Geographical 
position. 

Temperature. 

Gases  evolved. 
100  cubic  inches  contain 

Nitrogen. 

Oxy- 

gen. 

Carbo- 
nic add. 

Warm  Springs 

Temperature   of 
the  place  51^ 

Hot  Sorinin......... 

In  anticlinal  axis 
of    Formation 
II.  of  Virginia 
and  Pensylva- 
nia  Reports. 

In  the  same  axis 
as  the  above. 

In  the  above  axis 
near  the  N.W. 
termination  of 
Formation  II. 

In  the  above  axis 

Near   the    S.W. 
endof  the  same 
axis,     Forma- 
tion II. 

Anticlinal      axis 
passing  into  a 
fault.       N.W. 
side  of  Forma- 
tion II. 

Warm       Spring 
Valley,     Bath 
County. 

Same   valley  as 
the  above. 

N.W.  of  Warm 
Spring  on  the 
road   to    Bull 
Pasture. 

SmilesS.W.ofthe 
Hot  Springs. 

Near  Covington.. 

Sweet       Spring 
VaUey,     AUe- 
ghany  County. 

0 

2  springs : 
highest  97i 
lowest    96 

8  springs : 
highest  108 
lowest    93 

1  spring     71 

3  springs : 
highest  85 
lowest    74 

1  spring     62 

5  springs : 
highest  78 
lowest    72 

98 

highest  87*5 
lowest  75-0 

highest  82*0 
lowest  62-5 

2-6 

0 
6 

5 

0-75* 

12*5 
190 

13-0 
37-5 

Temp.  51^ 
Gan  SDrinir 

Temp.  51°. 

Sweet  Alum  Springs 
Temp.  51^ 

Falling  Spring 

Temp.  51°. 

Sweet  Springs 

Temp.  51°. 

*  With  0*25  of  sulphuretted  hydrogen. 
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Table  {continued). 


Ktai  tt  (te  f^t- 


In  the  time  u 
lerminstioD 

Foimftlioa  I 

3.E.  fllak  of  tbe 
■Dtlcliual  axit 
of  CapoD  Mt, 


Nut  N.B.  end 
of  ihe   Swcei 

Spring  Valley. 

Warm  SprioKiS 
Riclgc,  Ualb, 
MorgaJi  Co. 


In  anliclinal  axi 
of  Formatiui 
VII.    N.W.  of 


Near  Kartli  Fork 
of  UoIiMn 
Wvcr,  Scott" 
County. 


highest 
laiTctt   12-i 


•  mJtol.  1 


Professor  Kogers  also  ctiumcrates  twi-nty-sevcn  other 
springs,  situated  in  the  snnie  mountain  region,  more  or  less 
thcniial,  and  often  evolving  much  nitrogen  gas,  under  simi- 
lar geological  circumstances,  .some  of  tliem  exceeding  the  sup- 
posed mean  temperature  of  Ihc  locality  only  by  three  or  four 
degrees,  others  rising  to  the  sume  point  as  those  aljovc  enu- 
merated. 


PART  III 


DEDUCTIONS  FROM  THE  FOREGOING  FACTS : 

WITH  BEnCRENCE 

TO  THE  CAUSES  OF  VOLCANOS ; 

THE  CIRCUMSTANCES 

THAT  INFLUENCE  THE  CHARACTER  OF  THEIR  PRODUCTS ; 

AND  THE 

USES  THEY  FULFIL  IN  THE  ECONOMY  OF  NATURE. 


5S3 


CHAPTER  XXXVI. 

GENERAL    STATEMENT   OF   THE    VARIOUS    THEORIES    BY 
MEANS  OF  WHICH  THE  OPERATIONS  OF  VOLCANOS 
HAVE  BEEN  ACCOUNTED  FOR. 

Two  classes  of  theories,  chemical  and  mechanical.  Chemical — Lemery% 
Breislac's,  Davy's— the  latter  view  shown  not  to  be  antecedently  impro- 
bable. The  Mechanical  theory  founded  on  the  internal  heat  of  the  globe 
briefly  sketched. — Necessity,  in  order  to  decide  to  which  the  preference 
is  due,  of  ascertaining  in  what  degree  either  one  is  competent  to  afford 
an  explanation  of  the  phaenomena. 

Having  in  the  former  part  of  this  volume  brought  together 
such  facts  with  respect  to  Volcanos,  as  either  my  own  ob- 
servations in  the  countries  in  which  they  occur,  or  the  re- 
searches of  others,  were  capable  of  affording  me ;  having  also 
endeavoured  to  the  best  of  my  ability  to  determine  what  other 
natural  phaenomena  are  to  be  regarded  as  resulting  from  the 
same  deep-seated  Cause;  and  having  presented  as  detailed 
an  account  as  my  limits  permitted,  of  the  consequences  of  its 
several  manifestations,  and  of  the  laws  which  govern  them^ 
I  shall  next  proceed  to  lay  before  my  readers  those  general 
inferences  which  may  appear  deducible,  either  with  respect 
to  the  cause  of  the  effects  above  detailed,  or  the  influence 
exerted  by  the  latter  upon  those  portions  of  the  ancient  fabric 
of  our  globe,  the  constitution  of  which  is  such^  as  to  imply 
the  operation  of  internal  heat. 

With  respect  to  the  former  of  these  inquiries  (I  mean  the 
cause  of  volcanic  phaenomena)  it  must  be  confessed,  that  our 
speculations,  from  the  very  nature  of  the  subject,  are  involved 
in  much  uncertainty,  since  the  processes  we  undertake  to  in- 
vestigate are  placed  beyond  the  scope  of  actual  observation^ 
and  can  be  conjectured  solely  from  certain  of  their  remote 
consequences. 

In  the  case  before  us  too,  the  effects  surveyed  are  often  in 
themselves  of  such  a  nature  as  to  render  a  near  and  minute 
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examination  impracticable,  so  that  indeed  it  ia  chieflj  to  a 
review  of  the  minor  operations,  carried  on  by  a  volcano  during 
the  stages  of  its  partial  intcrmittence,  and  of  its  subsidence 
into  a  state  of  trantjuillity,  that  we  ore  indebted  for  such  data 
as  we  possess,  upon  which  to  build  an  hypothesis. 

I  propose  therefore  to  consider  this  part  of  the  inquiry, 
with  as  much  conciseness  as  may  be  consistent  with  a  clear 
exposition  of  my  views ;  and  passing  over  many  hypotheses 
which  have  been  advanced  at  various  times  to  explaiu  the 
nature  ofvolcanos,  shall  confine  myself  to  the  examination 
of  one  or  two  which  possess  some  show  of  probability,  or 
are  supported  by  the  authority  of  illustrious  names. 

The  theories  which  have  been  propounded  with  the  view 
of  accounting  for  the  existence  of  volcanic  action  may  be 
divided  into  two  classes ;  those  which  assume  some  chemical 
process,  of  which  the  heat  is  merely  an  effect ;  and  those 
which,  assuming  the  existence  of  the  heat,  deduce  the  other 
pha'nomeua  from  its  presence. 

In  the  former  in  short,  which  I  shall  henceforth  designate 
as  the  chemical  class  of  theories,  the  heat  is  one  of  the  con- 
sef/iietices;  whilst  in  the  second,  which  may  be  called  the 
mechanical,  it  is  assumed  as  the  prime  mover  of  all  the  phe- 
nomena obser^■ed. 

In  balancinp:  the  merits  of  these  two  descriptions  of  hypo- 
tlicscs,  let  nic  in  the  first  place  request  my  readers  to  divest 
their  minds  of  all  prepossessions  that  may  be  entertained 
against  the  former,  on  the  ground  of  tiieir  being  founded  on 
chemical  considerations. 

Owing  to  sTieh  prejudices,  the  scientific  world  has  scarcely, 
I  concci\c,  allowed  itself  fuirly  to  appreciate  what  ought  to 
be  the  sole  grounds  of  decision  in  such  a  case,  namely,  the 
claims  which  each  theory  puts  forth  of  its  competency  to  ex- 
plain the  ph.Tiionu'na  that  have  been  observed.  The  majo- 
rity indeed,  it  is  conceived,  of  those  who  make  the  subject  of 
volcanos  their  study,  have  allowed  themselves  to  be  biased 
by  the  anthority  of  certain  great  names  amongst  mathemati- 
cians,— of  men,  who  chiefly  anxious  to  connect  the  leading 
facts  with  those  grand  conclusions  to  which  their  own  specu- 
lations have  conducted  them  regarding  the  internal  heat  of 
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the  planet^  concern  themselves  but  little  with  any  minor  de- 
tails, as  bearing  upon  a  science  in  which  they  take  compara- 
tively but  little  interest*. 

And  yet,  &  priori^  without  any  knowledge  whatsoever  of  the 
nature  of  the  effects  themselves,  it  might,  as  it  would  seem, 
have  been  with  some  show  of  probability  conjectured,  that  so 
large  a  mass  of  matter  as  that  which  constitutes  the  interior 
of  the  globe  on  whose  surface  we  tread, — a  mass  not,  as  we 
have  reason  to  suppose,  homogeneous,  but  consisting  of  a 
number  of  elementary  matters  endowed  with  mutual  powers 
of  attraction, — should  occasionally  be  found  to  exert  these 
powers,  and  should  not  have  entirely  settled  down  into  a 
Btate  of  chemical  indifference  and  inaction. 

But  when  we  moreover  find,  that  products  result  from  the 
mechanical  movements  experienced  by  the  crust  of  the  earth, 
which  are  of  the  very  same  nature  as  those  obtained  from 
chemical  processes  artificially  conducted,  our  interest  ought 
to  be  the  more  awakened,  and  oiur  first  endeavour  should  be 
to  refer,  at  least  conjecturally,  the  effects  witnessed  to  pro- 
perties of  matter  with  which  we  are  already  familiar. 

Hence  I  contend,  that  when  volcanic  operations  form  the 
subject  of  discussion,  the  chemist  deserves  at  least  a  fair  and 
patient  hearing,  and  that  instead,  as  some  seem  to  do,  con- 
demning a  theory  of  volcanos  as  unphilosophical  because  '^  it 
smells  of  the  laboratory j^  the  true  philosopher,  on  a  subject 
so  mysterious,  will  be  only  too  glad  to  avail  himself  of  all  the 
lights  which  chemical  investigations  can  offer,  and  will  re- 
main dissatisfied  with  every  proposed  explanation,  which  does 
not  embrace  those  chemical  phenomena  which  form  a  part  at 
least,  and  indeed  a  very  large  part,  of  the  problem  to  be  solved. 

The  theories  however  which  profess  to  account  for  volcanic 
action  on  chemical  principles  are  very  various,  and  although 
all  agreeing  in  one  particular,  namely  that  of  imagining  com- 
bustion of  some  kind  or  other  to  have  caused  the  heat,  differ 

*  I  mast  except  Ampere,  who  at  once  a  mathematician,  a  chemist,  and 
a  metaphysician  of  a  high  order,  possessed  all  the  qualifications  requisite 
for  appreciating  the  claims  which  the  chemical  theory  possesses  to  our 
attention.  See  his  Essay  in  the  '  Revue  des  Deux  Mondes/  translated  in 
Jameson's  Joarnal,  vol.  xviii.,  for  April  1835. 
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widely  nt  to  the  mntcrial  which  they  suppose  to  have  excited 
it,  coal,  petroleiini,  and  sulphur,  having  all  been  assumed,  at 
one  time  or  another,  as  the  main  agent  concerned  in  the 
process. 

Thus,  according  to  the  first  and  most  ancient  of  these 
theories,  that  of  Lemery*,  Tolcanos  were  altrihuted  to  the 
combustion  of  certain  inQammables,  similar  to  those  which 
exist  near  the  surface  of  the  earth,  such,  for  instance,  aa  sul- 
phur, beds  of  coal  and  the  bke;  and  in  order  to  account  for 
the  spontaneous  inflammation  of  these  substances,  an  appeal 
was  made  by  him  to  an  experiment  of  his  own  contriving, 
which  went  to  prove,  that  mixtures  of  sulphur  and  iron,  sunk 
in  the  ground,  and  exposed  to  the  influence  of  humidity, 
would  give  out  sufficient  heat  to  pass  gradually  into  a  state 
of  combustion,  and  to  set  fire  to  any  bodies  that  were  near. 

His  process  was,  lo  mix  as  large  a  quantity,  as  could  be 
conveniently  had,  of  clean  iron-filings,  with  somewhat  more 
of  sulphur,  and  as  much  water  as  would  make  the  whole  into 
a  firm  paste,  lo  bury  this  in  the  earth  (first  wrapping  it  up  in 
a  cloth),  and  to  ram  the  soil  firmly  above  it.  A  mixture  of 
this  kind  in  a  few  hours  grows  warm,  and  awelia  so  as  to  raise 
the  ground.  Sulphureous  vapours  make  their  way  through 
the  crevices,  and  sometimes  flames  will  appear.  Rarely  is 
there  any  explosion  ;  but  when  this  happens,  the  fire  is  vivid 
— and  the  heat  and  tluuic  both  continue  for  some  time,  if  the 
quantity  of  niatcriiils  employed  has  been  great. 

Breislac  proposal  a  theory  not  very  different  from  the 
abovet;  he  supposes  that  volcanos  may  arise  from  masses  of 
petroleum,  collected  in  underground  caverns,  and  set  on  fire 
by  some  third  substance. 

He  imagines  that  the  presence  of  certain  of  the  combina- 
tions of  phospliorus  or  even  of  sulphur  may  give  rise  to  the 
combustion,  and  he  appeals  to  the  conflagrations  that  take 
place  in  coal  mines,  as  proving  that  bituminous  substances  are 
in  fact  set  on  lire  by  the  presence  of  some  body  which  must 
be  spontaneously  combustible, 

lie  shows  that  petroleum  is  very  abundantly  distributed  in 

•  Mi'iu.  lie  I'Acml.'mic,  1700.  t  loslit,  Gcolog.  vol,  iii. 
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all  parts  of  the  globe^  and  that  it  is  more  particularly  found 
in  the  neighbourhood  of  volcanos^  during  the  eruptions  of 
which  it  is  often  exhaled  in  great  quantities. 

This  hypothesis  however  seems  to  be  supported  on  much 
the  same  sort  of  evidence  which  has  been  adduced  in  favour 
of  the  one  before  alluded  to,  and  is  saddled  by  objections  of 
a  similar  description ;  I  shall  therefore  spare  myself  the  trou- 
ble of  considering  it  apart,  as  the  observations  I  shall  have  to 
make  will  apply  with  equal  force  to  both. 

Now  the  main  and  insuperable  difficulty  attendant  on  these 
and  all  other  hypotheses  which  assume  the  combustion  of 
bodies  such  as  those  above-mentioned,  is  the  absence  of  the 
products  which  constantly  arise  from  them  under  ordinary 
circumstances,  together  with  the  presence  of  others  which 
could  not  in  such  a  case  be  expected. 

The  carbonic  acid,  for  instance,  which  would  be  generated 
ought  to  be  accompanied  with  unburnt  carbon,  with  carbonic 
oxide,  and  the  like ;  sulphuretted  hydrogen  could  hardly  be 
disengaged  in  Buch  large  quantities  from  a  spot  where  car- 
bonaceous  matters  were  freely  burning ;  nor  could  water  be  so 
abundantly  present  without  extinguishing  the  ilame,  and  cool- 
ing down  the  temperature  below  the  fusing  point  of  lava. 

In  short,  it  is  now  generally  admitted,  that  no  processes 
going  on  near  the  surface  are  calculated  to  produce  the  phse- 
nomena  of  volcanos ;  and  that  if  the  latter  arise  from  com- 
bustion, the  materials  which  occasion  it  must,  in  part  at  least, 
be  of  a  different  description  from  the  combustibles  which 
exist  in  a  natural  state  within  the  sphere  of  our  observation, 
since  in  order  to  consume  oxygen  without  substituting  for  it 
a  corresponding  amount  of  some  gaseous  oxide,  the  products 
must  be  of  a  fixed  nature,  which  is  not  the  case  in  our  arti- 
ficial fires. 

Recent  discoveries  have  however  convinced  us,  that  the 
whole  of  the  crust  of  the  earth  contains  principles,  which  in 
their  uncombined  state  are  in  a  high  degree  inflammable,  and 
which,  for  this  very  reason,  never  occur  to  us  except  in  union 
with  oxygen.  Such  are  the  alkalies  and  earths,  which  Sir  H. 
Davy  has  shown  each  to  contain  a  metallic  basis,  a  body  capable 
of  abstracting  oxygen,  both  from  common  air  and  from  water, 
and  giving  rise  at  the  time  to  a  sufficient  extrication  of  light 
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and  heat  to  constitute  a  case  of  genuine  combustion.  There 
must  have  been  a  time  therefore,  as  it  should  seem,  when  these 
substances  existed  uncomblned  with  oxygen  even  on  the  sur- 
face, and  there  is  no  reason  to  deny,  that  the  process  of  oxy- 
genation may  still  be  incomplete  at  those  vast  depths,  where 
air  and  water  are  admitted  but  slowly  or  at  distant  intervals. 

Indeed,  the  late  discoveries  of  Mr.  Grove*  have  rendered 
it  almost  demonstrable,  that  admitting  the  leading  principle 
for  which  all  the  advocates  of  the  mechanical  theory  contend, 
namely  the  existence  of  a  very  high  temperature  pervading 
at  one  time  all  the  constituents  of  our  globe, — a  temperature 
ButHcient  to  reduce  to  a  state  of  fusion  at  least,  if  not  of  vola- 
tility, the  most  stubborn  bodies  of  which  we  have  any  cogni- 
zance,— a  period  must  have  occurred  in  the  history  of  our 
planet  when  those  vcr^'  actions  were  set  up  of  which  we  aSEUme 
the  continuance  at  the  present  day. 

For  Mr.  Grove,  by  showing,  that  at  a  heat  attainable  by 
artificial  means,  even  the  attraction  between  oxygen  and  by- 
drt^en  is  overcome,  and  water  resolved  into  its  elements,  has 
rendered  it  more  than  probable  that  at  the  high  temp^^ure 
supposed  to  have  prevailed  in  the  infancy  of  our  system,  all 
tJie  constituents  of  the  globe  must  have  been  mutually  dif- 
fused, and  though  thus  intermixed,  would  have  continued  in  a 
state  of  perfect  chemical  indifference  one  to  the  other.  Now 
if  under  these  circumstances  we  suppose  the  temperature  to 
have  sunk  down  to  ibat  point  at  which  the  elective  attraction 
of  ccrtiiin  of  the  elements  for  each  other  prevailed  over  the  re- 
pulsive force  of  bent,  we  have  a  right  to  infer  the  occurrence 
of  those  very  phit'iiomena  and  the  formation  of  those  very 
products,  which  our  theory  assumes  to  be  going  on  at  the 
present  day  wherever  volcanos  exist.  There  Is  tlierefore  no 
anleccdi'iit  absurdity  in  imagining  that  volcanic  action  may 
consist  ill  a  process  of  oxygenation,  caused,  in  part  at  least, 
by  the  presence  (if  these  substances,  and  all  that  seems  neces- 
sarj-  is  to  ascertain  bow  far  the  known  pha;nomena  accord  with 
such  an  hypothesis. 

The  other  class  of  theories,  which  begins  by  assuming  the 

high  temperature,  and  then  deduces  from  it  the  other  phieno- 
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mena,  seems  at  first  sight  to  have  an  advantage  over  the  pre- 
cedmg  one,  inasmuch  as  the  existence  of  internal  heat  may  be 
thought  to  be  in  a  manner  ascertained,  whilst  that  of  the  alka- 
line or  earthy  metaUoids,  uncombined  with  oxygen,  is  at  most 
only  probable ;  and  accordingly  many  have  been  induced  to 
prefer  this  mode  of  accounting  for  the  phenomena,  as  less 
hypothetical,  and  requiring  fewer  postulates. 

They  forget,  however,  that  the  existence  of  an  internal  heat 
is  assumed  aUke  on  either  supposition,  and  that  the  true  point 
of  dispute  is,  whether  it  can  best  be  explained  by  the  presence 
of  a  melted  or  ignited  mass  in  the  interior  of  the  globe,  or  by 
a  process  of  oxygenation  going  on  amongst  its  constituents. 

It  is  indeed  a  common  fallacy  to  set  down  internal  and 
central  heat  as  identical,  although  a  moment's  consideration 
will  convince  us  that  the  one  is  a  matter  of  observation,  the 
other  purely  of  inference,  and  that  the  only  decisive  mode  of 
estabUshing  the  latter  proposition,  would  be  by  demonstrating 
that  the  nucleus  of  the  globe  either  is,  or  at  least  once  was,  in 
a  state  of  fluidity. 

Now  the  only  direct  argument  in  favour  of  the  internal 
fluidity  of  the  globe  is  deduced  from  its  figure,  which  has 
been  proved  to  be  that  of  an  oblate  spheroid ;  a  form,  it  is 
contended,  which  could  not  have  been  imparted  to  it  unless  it 
had  been  originally  liquid,  and  from  whence  the  advocates  of 
the  above  hypothesis  conceive  themselves  at  liberty  to  infer^ 
that  it  is  in  this  state  at  present. 

Neither  of  these  propositions  however  can  be  regarded  as 
demonstrated.  Sir  J.  F.  Herschel  has  shown,  in  his  '  Trea« 
tise  on  Astronomy,'  that  the  oblate  figure  of  the  globe  may 
only  have  arisen  from  its  long-continued  rotation,  this  being 
the  point  to  which,  under  this  condition,  it  must  tend,  and 
which  it  would  ultimately  attain,  even  as  its  smface  is  at  pre- 
sent constituted. 

Professor  Playfair,  in  his  ^  Illustrations  of  the  Huttonian 
Theory '  (p.  435),  has  also  contended,  that  if  the  surface  of  the 
earth  has  been  repeatedly  changed  from  sea  to  land,  the  figure 
of  the  planet  must  in  that  case  have  been  at  length  brought 
to  coincide  with  its  actual  one. 

But  Mr.  Lyell  has  gone  further,  and  in  accordance  with 
the  views  of  Poisson  shows,  that  if  portions  of  the  interior  of 
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the  earlli  hiid  become  fiom  time  to  time  tluid,  from  chemical 
rauscs  Hcting  locally,  these  fluid  portions  would  be  impetlnd 
towards  the  equatorial  regions  in  obedience  to  the  centrifugal 
force,  and  thus  produce  an  upbeaval  of  the  surface  in  the 
parts  adjoining.  Hence  the  oblate  spheroidal  figure  of  the 
earth  atlbrda  no  independent  pi-oof  of  its  origiud,  and  still  less 
of  its  present  universal  fluidity. 

Neither,  if  we  grant  the  earth  to  hax'e  been  originally  fluid, 
is  there  any  direct  proof  that  it  Mould  have  continued  so  up 
to  the  present  time ;  for  the  progressive  augmentation  of  beat 
obsen'ed  at  the  slight  depths  below  the  surface  to  which  n 
has  penetrated,  only  proves  that  the  temperature  of  the  crust 
is  higher  than  that  of  its  superficies,  not  that  it  is  considerable 
enough  to  retain  the  subslunces  of  which  the  interior  is  made 
up  in  a  state  of  fusion. 

There  is  something  indeed  very  striking  in  the  law  of  the 
increasing  tem|ierature  of  the  globe,  and  in  the  practical  illus- 
tration of  its  truth  afforded  by  the  fullilnienl  of  M.  Arago'a 
prediction  as  to  the  thennal  condition  of  the  water  which 
would  be  obtained  from  the  Artesian  well  at  Crenelle,  but 
persons  who  build  upon  tbis  and  other  similar  facts  are  not 
always  sufficiently  alive  to  the  extremely  small  distance  be- 
neath the  surface  to  which  man  has  penetrated,  compared  to 
the  diameter  of  the  globe  itself. 

As  well  might  a  Lilliputian,  who  with  his  iilmost  efforts 
hiid  only  bort-d  into  tht^  white  of  the  orange  which  he  had  cx- 
triictcd  from  Gullivcr'ti  pocket,  conclude  tiiat  this  »ame  tough 
materia!  pervaded  the  entire  mass,  in  ignorance  of  the  pulp 
which  it  enveloped,  as  the  philosopher  iihu  finds  warm  water 
at  the  bottom  of  his  deepest  well  or  mine  pronounce,  that  the 
temperature  goes  on  progressively  to  increase  from  thence  to 
the  centre. 

The  following  wood-cut,  taken  from  a  larger  engraving  ex- 
ecuted sonic  years  ago  in  illustration  of  the  comparative  depth 
and  elevation  of  remarkable  mines  in  (ircat  Britain  and  other 
eountiies,  may  render  this  fact  more  familiar,  by  impressing 
upon  our  minds  the  very  limited  extent  within  which  our  ob- 
servations upon  the  internal  temperature  of  the  globe  are  at 
present  circumscribed. 
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COMPARATIVG  VIEW  OP  THE  DEPTH  AND  ELBTATION  OP 

REMARKABLE  MINES  IN  GREAT  BRITAIN 

AND  OTHER  COUNTRIES. 
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D.  Dolcmth  Ml:ie,  ComvaU,  1110  ft.  A.  Viheai  Abrahun,  ComwiU,  U&2  ft. 
C.  Coiuoli  bted  Uiuea, CoranaU,  13S0 ft.  (Woolf 'a  Shaft).— P.  Ditto  (Feuce'i 
Shift),  U64  ft.  B.  Wheal  Betsy,  Devon,  720  ft.  F.  Whed  Friendibip,  Devon, 
1100  ft.  S.  SunpsoD  Mine,  in  the  Hirti,  2230  ft.  K.  Kitzpuhl  Mine,  in  the 
Trrol,  27M  ft.    V.  Vdeneiui*  Mine,  Mexico,  1 770  ft. 

4.  Mining  districts  of  ibonl  300  ft.  i.  Cornwall,  c.  Higfagate  and  KunpiteAd 
HiUs,  *M  ft.  <r.  Shooter's  Hill,  44G  ft.  e.  Dartmoor,  1800  ft.  /  Mining 
diitrict  of  Andreuberg,  about  2000  ft.  g.  Ingleboraugh,  23G1  ft.  M.  Brocken 
Mountain,  3486  ft  i.  Snoirdan,  3571  ft.  t.  Mountain  of  Pilkenitein,  about 
fiOOOft.  f.  Ben  Nevis,  43B0  ft,  m.  Table  laud  of  Mexico,  7000  ft.  a.  Monn- 
tMnsnear  Qusnuxuata,  7000  to  8000  ft. 
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Moreover,  accnrdlng  to  Mr.  HopkiiiB's  calculatioiiB,  the 
(tiickuesg  of  the  solid  crust  of  the  globe  must  at  the  least  ap- 
proach to  400  miles,  and  probably  docs  not  fall  short  of  from 
800  to  1  GOO, — a  sufficient  proof  that  the  dogma  which  aBsumes 
a  regularly  increaaiog  rate  of  temperature  from  the  circum- 
ference downwards,  can  hoU  good  only  down  to  comparatively 
small  depths ;  for  we  know  of  no  substance,  or  combination  of 
Bubstances,  which  would  not  enter  into  fusion  at  a  point  far 
below  that  which  must  be  reached  by  the  earth  at  even  a  few 
miles'  depth  according  to  that  assumption. 

Indeed,  according  to  the  calculations  of  M.  Cordier,  we 
should  arrive  at  the  melting-point  of  iron  at  a  depth  not  ex- 
ceeding twenty-four  miles,  and  tliis  too  according  to  the  ex- 
travagantly high  estimate  of  ita  fusing-poinl  founded  upon 
observations  with  Wedgwood's  pyrometer. 

Thus  the  present  fluidity  of  the  interior  of  the  earth  is  still 
more  a  matterof  surmise  than  its  original  state  of  liquefaction. 

After  all,  the  proper  mode  of  grappling  with  the  question 
before  us  seems  to  be,  not  to  lose  ourselves  in  conjectures,  as 
to  what  may  by  possibility  be  the  condition  of  the  globe  at 
inaccessible  depths,  but  to  pass  in  review  the  actual  pheno- 
mena of  volcanos,  and  see  whether  we  can  best  deduce  them 
from  the  mere  effects  of  the  protrusion  of  a  melted  mass  of 
matter,  or  from  a  process  of  combustion,  originating  in  mate- 
rials which  may  still  exist  in  an  inioxidizcd  state  below.  In 
order  however  to  determine  this,  it  will  be  necessai-y  to  con- 
sider at  some  length,  first,  the  geographical  situation  of  vol- 
canos;  secondly,  the  character  of  the  substances  evolved  by 
them  in  a  gaseous  state,  and  of  the  products  resulting;  and 
thirdly,  that  of  the  iaviis  and  other  matters  ejected  in  a  solid 
or  liquid  condition  :  from  nlicncc  ivc  shall  be  led  on  to  ex- 
amine, fonrthly,  Hie  depth  at  which  volcanic  action  is  seated; 
and  lastly,  the  mode  in  w  hicli  mountain  masses  and  extensive 
tracts  of  country  arc  built  up  of  the  materials  that  have  re- 
sulted from  the  operation  of  internal  lircs. 
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CHAPTER  XXXVII. 

GENERAL  INFERENCES  RESPECTING  THE  LAWS  OR 
CONDITIONS  OF  VOLCANIC  ACTION. 

Local  distribution  of  volcanos — in  lines — and  in  groups — their  general 
proximity  to  the  sea. — Aeriform  fluids  evolved. — Bodies  not  permanently 
elastic  which  are  evolved  as  vapours. — Bodies  in  a  solid  state  ejected^ 
viz.  Itt,  lavas,  their  chemical  characters — 2ndly,  loose  fragments  thrown 
out.     Relation  of  these  bodies  to  trachyte — trachyte  whence  derived. 

Depth  at  which  volcanic  operations  proceed.  Constitution  of  a  volcanic 
mountain — mode  of  its  formation.  Production  of  a  crater — by  eruption — 
by  elevation. — Proofs  of  the  elevation  of  volcanic  mountains — 1st,  from 
their  own  internal  structure — 2ndly,  from  the  existence  of  domes  of 
trachyte — 3rdly,  from  the  continuous  sheets  of  volcanic  matter  over- 
spreading large  districts — 4thly,  from  the  testimony  of  eye-witnesses  in 
the  case  of  Santorino — Unalaschka — Graham's  Island — Monte  Nuovo 
— Jorullo,  &c. 

Statement  of  Von  Buch's  views  with  regard  to  craters  of  eruption  and  of 
elevation. 

Volcanos  are  sai^  by  Von  Buch^  either  to  occur  scattered 
at  certain  distances  along  particular  lines  of  country^  or  else 
to  be  united  in  clusters  around  some  common  centre. 

The  former  he  calls  linear^  the  latter  central  volcanos ;  and 
whilst  he  regards  the  Unear  as  being  in  general  produced  in 
the  direction  of  the  fissures  caused  by  the  igneous  operations 
of  a  former  period,  along  the  tracts  near  which  the  primary 
ranges  of  mountains  have  been  upheaved,  he  considers  the 
central  as  taking  place  in  all  kinds  of  positions  over  the  earth's 
surface,  however  much  detached  they  may  be  from  any  of 
those  leading  systems  of  elevation,  wherever  the  force  which 
has  been  set  in  motion  by  volcanic  agency  has  been  able  to 
overcome  the  resistance  opposed  by  the  superincumbent  rocks. 
In  the  former  case  the  direction  taken  by  the  volcanic  forces 
is  determined  by  the  previous  configuration  of  the  country ; 
in  the  latter  they  manifest  themselves  without  any  reference 
to  the  nature  of  the  pre-existing  rocks. 
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It  may  jierhava  be  doubted  wliether  even  tlie  central  vol- 
canos  enumerated  by  Von  Buch  do  not  in  some  instances 
at  least  admit  of  being  referred  to  some  common  system,  as 
Vesuvius,  Lipari,  and  Etna  might  be  regarded  as  the  points  of 
greatest  intensity  in  a  volcanic  band  stretching  longitudinally 
along  the  Peninsula.  There  can  be  no  question  however, 
that  the  law  which  he  has  laid  down  with  regard  to  the  ten- 
dency of  volcanos  to  burst  forth  along  certain  lines  of  country 
rather  than  in  others,  holds  good  very  generally,  and  that 
many  such  groups  may  be  enumerated ;  such  as  that  already 
pointed  out  as  extending  across  the  Greek  Islands;  that 
stretching  across  Mexico;  and  still  more  remarkably  the  one, 
which,  beginning  on  the  coast  of  Arracan,  and  manifesting 
itself  at  Barren  Island,  in  the  Bay  of  Bengnl,  may  be  traced 
along  the  islands  of  Sumatra  and  Java,  thence  to  the  Philip- 
pines, and  perhaps  even  to  the  Kurule  Islands  and  to  Kam- 
tschatka.  The  linear  direction,  therefore,  of  certain  volcanic 
formations  cannot  be  doubted ;  and  the  only  question  is, 
whether  it  prevails  universally,  or  characterises,  as  Von  Buch 
conceives,  one  particular  class  only  of  burning  mountains. 

Another  remarkable  feature  In  the  distribution  of  volcanos 
is  their  proximity  to  the  sea ;  in  proof  of  which  it  may  be 
sufficient  to  remark,  thiit  out  of  a  catalogue  of  no  less  than 
1G3  active  vents  enumerated  by  M.  Arago*  as  occurring  in 
various  parts  of  tlie  known  world,  all,  excepting  two  or  three 
In  ditferent  parts  of  America,  and  about  the  snnic  number,  of 
which  we  possess  very  imperfect  information,  in  Central  Asia, 
are  within  a  short  distance  at  least  of  the  ocean  f- 

■  Ar.nuttirepourl"an.  182-1. 

t  I'he  ancients  remarked  the  same  thing  with  rcgniil  to  volcanos.  Thus 
Macrobiua  in  Sumn.  Sci[).  lib.  ii.  chap.  10,  aaya,  "  Igncni  rethereum  phj'- 
sici  trailiderunt  humorc  nutriri ;"  and  Justin,  lib.  iv.  sub  iiiilio;  "Acccdunt 
vicini,  et  perpctui  ./Etnie  montia  igncs,  et  insularum  yEolidum,  veluli  ipsis 
UDtlis  alatur  iuccndiuni.  Neque  enim  in  tarn  angustid  ti'rniinis  aliter  durare 
tot  axculis  tantus  ignis  potuisset,  nisi  humoris  nutriinciitia  aleretur."  He 
therefore  aupjioscs  tlie  waters  to  be  sucked  up  by  Chanbdis,  and  thence 
tronsmitted  to  the  volcanci  wliich  tliej'  nourish.  "  Kadem  causa  etiani  ;Etna; 
mentis  perj>ctuo3  igncs  facit.  Nam  aquarum  ille  cojicuvsus  raplum  secuni 
spiritum  in  imum  fundum  trahit,  atque  ibi  suffocatum  tnmdiu  tenet,  donee 
per  spirttmenta  terra;  diflusus,  nulrimenta  ignis  iocendat." 
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So  general  indeed  is  this  law,  that  Humboldt  thinks  it 
worthy  of  remark,  that  the  volcano  of  Tolima  is  forty  leagues 
inland, — a  distance  truly  insignificant  when  we  recollect  that 
several  portions  of  the  great  continents  of  Asia,  Africa  and 
America  lie  several  thousand  miles  distant  from  any  ocean. 

It  is  even  found,  that  the  very  volcanos  which  constitute 
the  cases  excepted,  when  examined,  tend  to  confirm  the  rule, 
being  so  situated  that  their  connexion,  either  with  the  ocean, 
or  with  inland  seas  that  may  supply  its  place,  becomes  a 
matter  of  fair  inference.  In  proof  of  this  we  need  only  refer 
to  the  descriptions  already  given  of  Jorullo,  from  which 
it  appears  that,  distant  as  this  mountain  may  be,  both 
from  the  Atlantic  and  Pacific  Oceans,  it  is  nevertheless  con* 
nected  with  one  or  both  through  the  medium  of  a  chain  of 
volcanic  eminences;  constituting,  to  use  an  expression  of 
Humboldt's,  one  single  swollen  mass,  of  which  these  moun- 
tains are  to  be  regarded  only  as  the  several  chimneys  (page 
489) ;  and  even  the  volcanos  of  Tartary,  whose  existence  in 
an  active  condition  is  however  very  problematical,  might  be 
in  proximity  to  some  of  those  extensive  salt  lakes  which  seem 
to  abound  in  the  depressed  portion  of  Central  Asia. 

Thus  even  the  few  cases  which  have  been  brought  forward 
as  exceptions  to  the  general  rule,  appear,  when  examined,  to 
enter  into  it,  so  far  as  relates  to  the  probable  connexion  they 
denote  with  deep  seas  or  lakes ;  whilst  the  occurrence  of  by 
far  the  majority  of  active  volcanos  in  islands  and  maritime 
tracts,  and  their  entire  absence  from  many  extensive  conti- 
nents, may  convince  us  that  the  processes  concerned  are  at 
least  greatly  promoted  by  such  a  position,  and  in  their  inten- 
sity bear  a  certain  relation  to  the  more  or  less  ready  access 
to  them  of  water. 

And  although  extinct  volcanos  seem  by  no  means  con- 
fined to  the  neighbourhood  of  the  present  seas,  being  scat- 
tered often  over  the  most  inland  portions  of  our  existing  con- 
tinents, yet  it  will  appear,  that  at  the  time  at  which  they 
were  in  an  active  state,  the  greater  part  were  in  the  neigh- 
bourhood either  of  the  sea,  or  of  those  extensive  salt  or  fresh- 
water lakes,  which  existed  at  that  period  over  much  of  what 
is  now  dry  land.  This  may  be  seen  either  by  referring  to  Dr. 
Bout's  Map  of  Europe,  or  to  that  published  by  Mr.  Lyell  in 
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the  recent  edition  of  his  '  Principles  of  Geology '  (1847),  from 
both  which  it  will  become  spparent  that  nt  a  comparatively 
pcccnl  epoch,  those  parts  of  France,  of  Germany,  of  Hungary, 
and  of  Italy,  which  atFord  evidences  of  volcanic  action  now 
extinct,  were  covered  by  the  ocean. 

Instead,  therefore,  of  these  being  brought  forward  as  ex- 
ceptions to  the  generality  of  the  rule,  the  cessation  of  such 
action,  now  that  tiie  water  lias  left  their  neighbourhood,  seema 
to  furnish  a  confiraiation  of  its  truth. 

Nor  must  we  forget  that  remarkable  fact  to  which  allusian 
has  been  already  made  in  Chapter  XVlll.  relative  to  the  con- 
stant tlow  of  sea-water  into  the  earth  in  the  island  of  Ccpha- 
louia,  and  that  in  a  country  subject  to  earthquakes,  and  not 
remote  from  actual  volcanos, — a  proof  as  it  should  seem  that 
sea-water  does  find  its  way  into  the  interior  of  the  earth,  as 
indeed  it  is  reasonable  to  expect  would  be  the  ease,  if  wc 
only  assume  the  existence  of  any  cracks  or  fissures  beneath 
the  bed  of  the  occau,  since  the  enormous  pressure  exerted  by 
a  body  of  water  four  or  five  miles  in  depth  could  hardly  fail  to 
inject  some  portion  of  its  contents  through  the  minutest  cre- 
vices that  might  occur  beneath  it. 

Thus  volcanos  may  be  among  the  appointed  means  for 
bringing  back  to  the  surface  the  water  which  finds  its  way 
into  the  interior  of  the  globe,  as  will  be  pointed  out  when 
the  filial  uses  of  the  mysterious  agent  under  consideration 
come  before  us. 

I  have  next  to  consider  the  ordinary  products  of  volcanic 
operations,  and  shall  begin  by  noticing  the  aeriform  fluids 
evolved,  regarding  them  as  in  a  manner  the  prime  movers  of 
the  effects  we  witness, — the  agents,  which  have  elevated,  as 
there  seems  reason  for  believing,  from  time  to  time  many 
isolated  mountains  and  even  extensive  tracts  of  land  above  the 
level  of  the  waters,  and  by  whose  mighty  power  operating  in 
a  more  regulated  and  continuous  manner  are  ])ropelled  from 
the  bowels  of  the  earth  those  solid  matters  afterwards  to  be 
described,  which,  settling  round  the  brim  of  the  orifice  from 
which  they  have  esfabliahed  for  themselves  an  issue,  grow  at 
length  into  the  form  and  dimensions  of  an  ordinary  crater  of 
eruption. 
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Steam*  is  also  emitted,  sometimes  for  ages  together,  from 
fissures  called  ^'  stufas/'  on  the  flanks  of  many  extinct  as  well 
as  active  volcanos ;  thus  supplying  us  with  a  confirmation  of 
the  dependence  of  volcanic  phaenomena  upon  the  presence  of 
water. 

The  permanently  elastic  fluids  commonly  given  out  are, 
muriatic  acid,  sulphuretted  hydrogen,  sulphurous  acid,  car* 
bonic  acid,  and  nitrogen. 

We  have  seen  indeed  in  some  instances,  as  in  New  Zealand, 
that  a  volcano  has  gone  on  for  years  vomiting  forth  firom  its 
crater  nothing  but  steam,  proving  as  it  were  an  intermediate 
link  between  a  thermal  spring,  and  a  permanent  vent  like  that 
of  Vulcano,  which,  besides  water,  emits  also  several  kinds  of 
gaseous  matter. 

Of  these  the  first,  muriatic  acid,  seems  to  be  generated 
during  almost  all  the  phases  of  volcanic  action ;  for  although 
some  have  attempted  to  establish  a  class  of  volcanos  to  which 
the  production  of  muriatic  acid  was  peculiar,  yet  it  would 
appear  that  there  were  none  from  which  this  gas  is  not  in 
greater  or  less  quantity  disengaged  t* 

Thus  it  has  been  detected  by  Sir  H.  Davy,  not  only  issuing 
from  the  flanks  of  Vesuvius  soon  after  the  eruption  of  1815, 
but  likewise  from  the  same  mountain  whilst  in  a  more  quies- 
cent condition  in  1824. 

It  was  also  found  by  myself,  both  in  1834  and  1845,  at  the 
crater  of  Vesuvius,  and  in  the  former  year  issuing  from  the 
recently-erupted  lava,  in  the  crevices  and  pores  of  which  it  was 

*  Sir  H.  Davy,  in  his  Memoir  on  Vesuvius,  justly  remarks,  that  it  is  very 
easy^  even  at  a  great  distance,  to  distinguish  between  the  steam  disengaged 
by  one  of  tbe  craters,  and  the  earthy  matter  thrown  up  by  the  other.  The 
steamj  he  says,  appeared  white  in  the  day,  and  formed  perfectly  white 
clouds,  which  reflected  the  morning  and  evening  light  of  the  purest  tints  of 
red  and  orange.  The  earthy  matter  always  appeared  as  a  black  smoke, 
forming  dark  clouds,  and  in  the  night  it  was  highly  luminous  at  the 
moment  of  the  explosion. 

f  Is  not  this  what  Livy  refers  to,  when  he  speaks  of  clouds  of  wool  bemg 
seen  to  rise  from  the  ground  at  Privernum  (now  Piperno)  ?  "  Priverni  lana 
pulla  terr&  enata,"  1.  xlii.  c.  2.  Julius  Obsequens  notices  a  similar  phe- 
nomenon at  Prseneste  (Palestrina),  c.  140  and  c.  89^  It  is  probable  that 
the  evolution  either  of  muriatic  acid  or  of  muriate  of  ammonia  gave  rise  to 
this  mistake. 
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entangled.  I  moreover  discovered  it  in  1826  in  the  vapours 
given  off  round  the  crater  of  the  island  of  Vulcano,  round 
that  of  Etna  whilst  dormant,  and  in  that  of  the  Solfatara  of 
Puzzuoli.  It  has  been  detected  also  in  the  volcanos  of  Iceland; 
in  those  of  Java,  at  Mont  Idienne ;  and  amongst  the  South 
American  ones,  at  Purace,  accompanied  in  both  these  latter 
cases  with  a  predominant  proportion  of  sulphuric  acid  j  nay, 
it  has  even  been  found,  as  we  have  seen,  in  an  uncombined 
state,  pervading  the  trachytic  rock  of  the  Puy  de  Sarcony  in 
Auvcrgne. 

Of  the  i^eous  compounds  of  sulphur,  one,  the  sulphurous 
acid,  appears  to  be  predomijiaut  chiefly  in  volcanos  possessing 
a  certain  degree  of  activily;  whilst  the  other,  sulphuretted 
hydrogen,  has  been  most  frequently  perceived  amongst  those 
in  a  dormant  condition. 

Thus  sulphurous  acid  has  been  observed  proceeding  in  lar^ 
quantities  from  the  craters  of  Etna  and  Vesuvius*,  and  even 
from  that  of  Vulcano  in  the  Lipaii  group,  whilst  sulphuretted 
hydrogen  is  commonly  present  at  the  Solfatara  of  Puzzuoli, 
on  the  skirts  of  Etna  near  Jaci  Reale,  aud  in  many  hot  springs 
connected  with  dormant  volcanic  action  both  in  these  regions 
and  elsewhere. 

Not  that  we  are  obliged  to  suppose  sulphurous  add  to  be 
entirely  absent  in  tlie  htfer  cases,  or  sulphuretted  hydrogen  in 
the  former ;  for  as  these  two  gases,  when  they  meet,  decom- 
pose each  other,  forming  water  and  depositing  si;'|»hur,  it  is 
reasonable  to  expect,  that  merely  the  portion  of  either  which 
exceeds  the  quantity  necessary  for  their  mutual  decomposi- 
tion will  escape  fi^om  the  orifice,  so  that  the  gaa  that  actually 
appears  indicates  only  the  predominance  of  the  one,  and  not 
the  entire  absence  of  the  other. 

As  to  the  nature  however  of  the  gases  which  issue  from  the 
crater  of  a  volcano  whilst  in  a  state  of  activity,  our  knowledge 
is  of  necessity  conjectural,  although  some  advance  has  of  late 
been  made  towards  its  determination  by  having  the  question 
relating  to  the  evolution  from  thc/ocus  of  the  igneous  action 
of  some  kind  of  inflammable  gas,  which  must  in  all  proba- 
bihty  consist  either  of  simple  hydrogen  or  of  certain  of  its 
•  Not  however  gpn(?rBlly,  for  at  present  sulphur  seems  a  very  rote 
product. 
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combinations,  at  length  set  at  rest,  so  far  as  the  testimony 
of  intelligent  eye-witnesses  can  justify  us  in  so  regarding  it. 
It  had  long  been  disputed,  whether  the  appearance  of  flames 
observed  during  eruptions  was  anything  more  than  the  reflec- 
tion of  the  light  produced  by  the  ignited  surfaces  of  the 
ejected  masses,  and  whether  the  emission  of  inflammable  gas 
had  anything  to  do  with  that  phsenomenon. 

Spallanzani  altogether  denies  that  it  has,  and  Gay-Lussac, 
who  with  Humboldt  and  Von  Buch  visited  Vesuvius  in  1805, 
whilst  in  a  state  of  activity,  could  never  perceive  any  inflam- 
mation of  gaseous  matter  at  that  period.  Negative  however 
must  not  be  set  against  positive  evidence,  especially  in  a  case 
like  the  present,  where  it  is  easy  to  assign  reasons  why  the 
production  of  flames  should  be  only  an  occasional,  and  not  a 
constant  phaenomenon.  Hydrogen  and  its  compounds,  as  is 
well  known  to  chemists,  will  not  inflame  when  either  muriatic 
acid  gas  or  steam  is  intermixed  with  them  in  certain  propor- 
tions. Now  both  these  are  abundantly  evolved  during  most 
volcanic  eruptions,  and  consequently  it  is  very  possible  that 
a  gas  which  was  by  itself  inflammable,  might  escape  into  the 
open  air  without  combustion,  in  consequence  of  the  presence 
of  one  or  other  of  the  above  principles. 

But  that  the  actual  inflammation  does  occasionally  take 
place,  was  averred  by  Sir  Humphry  Davy  as  observed  by 
himself  at  Vesuvius  during  a  small  eruption,  and  by  M.  Elie 
de  Beaumont  as  witnessed  at  Etna ;  whilst  lately  we  have 
received  a  more  circumstantial  account  of  three  several  oc- 
currences of  this  kind  in  the  years  1833  and  1834,  which  fell 
under  the  observation  of  Professor  Pilla  of  Pisa. 

"  On  the  night  of  the  2nd  of  June  1833,"  gays  the  Professor*,  <'I 
was  within  the  crater  of  Vesuvius  in  order  to  observe  the  phsenomena 
of  an  eruption,  which  was  approaching  its  close.  In  the  centre  of 
the  crater  there  was  one  of  those  cones  of  scoriae  which  are  formed 
and  disappear  with  such  marvellous  rapidity :  it  was  the  largest  one 
I  had  ever  observed,  and  there  was  on  its  summit  a  large  funnel- 
shaped  aperture,  through  which  the  explosions  took  place.  At  the 
moment  of  which  I  speak  they  had  become  less  frequent,  and  tliis 
circumstance  made  me  desirous  to  mount  upon  the  cone,  in  hopes  of 

*  See  his  memoir  in  the  '  Comptes  Rendus,'  translated  in  the  '  Edin- 
burgh New  Philosophical  Journal  *  for  October  1843. 
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olncmng;  what  would  take  plckce  better  tli&n  I  had  been  able  to  do 
on  former  occasions,  when  the  smoke,  ejcetious  of  atones,  and  other 
circumatiinces  prevented  my  ^eing  distinctly  into  the  orifice. 

"  At  the  moment  of  explosion  I  iiscended  to  the  edge  of  the  cone, 
along  with  my  caurageuue  guide,  who  shared  in  my  ctuioaity  to  ob- 
eervc  the  appearances.  The  interior  of  the  opening  was  almoet 
entirely  free  from  smoke :  a  small  quantity  only  issued  from  different 
points  in  the  wsIIe.  This  fortunate  circumstance  enabled  me  to  Kee 
very  distinctly  all  the  part*  of  the  crater,  and  everything  that  was 
going  on  there.  The  bottom  of  the  f\innel  wa§  open  ;  it  Isy  imme- 
diately under  my  eyes,  at  a  depth  of  about  eighty  metres  [  its  circum- 
ference waa  newly  twenty  yards ;  the  whole  of  its  burning  interior 
WM  visible.  Tlie  view  of  the  phtenomena  which  accompanied  the 
explosions  was  inexpressibly  magnificent.  They  consisted  of  tlie 
following : — 

"  A  loud  subterranean  noise,  and  a  violent  shock,  announced  the 
explosion  ;  immediately  after,  and  almost  at  the  same  time,  the 
mouth  opened  and  made  a  divehnrge,  with  n  noise  resembling  that  of 
a  discharge  of  cannon.  A  column  of  blauk  and  fuliginous  smoke 
issued  with  great  violence,  and  there  wa*  thrown  up,  with  the  r^i- 
dity  of  lightning,  an  enormous  torrent  of  inflamed  gitseoui  substaacea 
and  burning  stones,  which  fell  back  like  hail,  for  the  most  part  into 
the  gulf,  but  partly  outside  of  it.  Though  overpowered  by  the 
grandeur  of  the  spcclacle,  I  did  not  fail  to  observe  the  column  of 
fiaraes  which  accompanied  the  explosion.  It  rose  to  the  height 
of  four  or  five  yards,  and  then  di«a['pcwc(l  iiinoiig  the  volumes  of 
smoke,  so  tliat  a  pcr.^'on  whose  eye  was  on  a  level  with  the  edge 
of  the'  gulf  could  not  have  seen  it.    Hence  it  is  that  tlic  existence  of 
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saw  five  explosions  always  accompanied  by  the  same  appearances  ;  I 
would  have  remained  longer  on  the  same  spot,  had  not  the  last  of 
these  explosions,  which  was  much  more  violent  than  any  of  the  pre- 
ceding, compelled  us  hastily  to  retire. 

**  In  the  month  of  June  in  the  following  year,  1834,  Vesuvius  was 
in  a  state  of  eruption,  and  on  the  evening  of  the  7th  I  visited  the 
crater.  The  exterior  cone  was  throwing  up  stones  with  such  violence 
that  it  was  impossible  to  approach  it.  A  current  of  lava  was  spout- 
ing out  through  a  fissure  at  its  base.  Quite  near  to  me,  there  was 
an  elevation  of  a  longitudinal  form,  which  bore  eight  small  cones,  or 
rather  eight  large  tubes  of  lava,  open  at  the  summit,  and  throwing 
out  gas  and  steam  with  a  whistling  noise  that  was  quite  deafening, 
and  which  might  be  compared  to  that  caused  by  opening  the  valves 
of  a  high-pressure  steam-engine.  Favoured  by  the  darkness,  we  saw 
that  these  actions  were  accompanied  with  beautiful  conical  flames, 
which  issued  from  the  tubes  with  a  violence  that  might  be  in  some 
measure  compared  to  a  flame  increased  in  intensity  by  a  blow-pipe. 
The  length  of  these  flames  was  from  three  to  five  inches,  and  their 
diameter  at  the  base  about  an  inch  and  a  half;  they  burnt  with  a 
beautiful  greenish  colour,  like  alcohol  holding  boracic  acid  in  solution; 
such  a  colour  would  very  likely  be  produced  by  the  chloride  of  copper 
accompanying  the  gaseous  substances.  The  smoke  which  escaped 
from  the  openings  in  the  cones  had  an  intolerable  smell  of  muriatic 
acid ;  sulphuretted  hydrogen  was  not  perceptible. 

"  This  was  the  second  time  that  I  observed  flames  in  the  crater  of 
Vesuvius,  and  I  saw  them  in  company  with  my  esteemed  friend 
M.  Ravergie  of  Paris,  who  was  my  companion  in  this  expedition. 

"  I  saw  very  beautiful  flames  from  Vesuvius,  for  the  third  time, 
during  the  great  eruption  in  August  1834.  An  opening  was  formed 
in  the  volcano  at  its  eastern  base,  and  a  great  current  of  lava  was 
thrown  out,  which  spread  over  the  fertile  lands  of  Ottajano.  In  the 
place  where  the  lava  spread,  two  elevations  were  formed,  which  sup- 
ported twelve  small  cones, — kinds  of  Homitos, — all  of  which  were 
in  great  activity,  and  produced  noisy  explosions. 

"  One  of  these  cones,  which  appeared  the  most  active,  and  which 
I  could  approach  near,  notwithstanding  the  smoke  it  spread  on  all 
sides,  was  emitting  by  its  opening,  besides  quantities  of  stones,  a 
bright  flame  of  a  red  dish- white  colour,  which  came  forth  with  great 
violence,  and  rose  to  the  height  of  three  yards.  The  jet  was  con- 
tinuous, like  the  flame  from  a  high  furnace  urged  by  bellows.  The 
smoke  was  charged  with  muriatic  acid,  and  in  a  few  moments  it  en- 
veloped Professor  Tosone  of  Milan  and  myself  in  such  a  manner  that 
we  were  nearly  sufibcated. 
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■'  I  never  had  the  good  fortune  to  observe  flames  on  Vesuvius  in  so 
distinct  a  manner  as  on  these  three  occasions,  nor  have  1  ever  seen 
them  on  the  surface  of  a  current  of  lava  far  from  their  source,  bat 
my  friend  M.  Maravigna  assures  me  that  he  observed  them  on  a  cur- 
rent from  Etna  during  the  eruption  of  1819." 

From  these  observations  Professor  Pilla  concludes — 

"  I .  That  flames  never  appear  at  Vesuvius  but  when  the  volcanic 
action  is  energetic,  aud  is  accompanied  with  a  development  of  gaseous 
Bubstances  in  a  state  of  great  tension ;  they  do  not  appear  when  the 
actions  are  feeble. 

"2.  Their  appearance  sdways  accompanies  explosions  from  the  prin- 
cipal mouth ;  only  they  cannot  be  observed  except  under  favourable 
circumstances. 

"  3.  Tliey  likewise  show  themselves  in  the  small  cones  in  action, 
which  are  formed  in  the  interior  of  the  crater,  or  at  the  foot  of  tlie 
volcano. 

"  4.  Finally,  they  are  not  visible  except  in  the  ojienings  which  are 
directly  in  commuuication  with  the  volcanic  fire,  and  never  on  the 
moving  lavas  which  are  at  a  distance  from  their  source." 

With  regard  to  the  nature  of  the  gas  which  produces  these  flames, 
the  Professor  believes  that  it  was  not  sulphuretted  hydrogen,  but 
hydrogen  in  a  state  of  purity.  This  he  infers  from  the  odour,  which, 
except  in  the  first  instance,  was  not  that  characteristic  of  the  former 
gas,  but  corresponded  more  nearly  with  the  latter,  and  likewise  from 
_,its  colour,  which  iu  the  third  instance  was  like  that  of  pure  liy- 


But  whether  we  regard  the  gas  evolved  as  simple  hydrogen 
or  as  one  of  its  compounds,  the  inference  to  which  its  presence 
conducts  us  is  precisely  the  same ;  and  when  we  consider  the 
enormous  amount  of  sulphuretted  hydrogen  constantly  dis- 
engaged from  many  thermal  springs  indisputably  of  volcanic 
origin,  as  well  as  the  vast  accumulatione  of  sulphur  derived 
from  similar  emissions  of  this  gas  that  must  have  taken  place 
antecedently,  there  seems  no  reason  to  doubt,  that  hydrogen 
may  have  been  also  a  product  of  the  more  intense  phases  of 
volcanic  action,  either  in  one  form  or  the  other,  according  as 
sulphur  happened  to  present  itself  or  not. 

Carbonic  acid  appears  to  be  chiefly  found  in  volcanos  that 
have  become  extinct,  and  when  occurring  in  those  considered 
active,  it  is  at  a  time  when  they  are  not  in  a  state  of  eruption. 
It  is  also  found  emitted  more  commonly  at  the  foot  and  in  the 
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neighbourhood  of  volcanic  mountains^  than  from  their  craters, 
or  at  the  points  of  their  most  vehement  action ;  so  that  it  may 
be  viewed  perhaps  rather  as  one  of  the  consequences  of  a  long- 
continued  operation  upon  the  contiguous  rocks  of  the  heat 
produced  by  volcanic  processes,  than  as  the  direct  effect  of 
those  by  which  that  heat  is  occasioned. 

The  last  of  the  gases  mentioned,  nitrogen,  has  been  already 
sufficiently  alluded  to :  from  the  observations  hitherto  made, 
it  would  seem  to  be  for  the  most  part  the  result  of  languid 
volcanic  action,  and  hence  to  be  an  almost  constant  con- 
comitant of  thermal  waters ;  but  it  is  probable  that  when  the 
gases  evolved  from  active  volcanos  have  been  scrupulously 
examined  in  a  greater  number  of  cases,  it  will  be  noticed  much 
more  commonly  as  occurring  amongst  them;  since  Sir  H. 
Davy  detected  it  in  Vesuvius,  and  his  brother,  Dr.  John  Davy, 
in  the  gas  given  off  by  the  new  volcanic  island  near  Sicily,  in 
both  cases  accompanied  with  less  than  the  usual  proportion 
of  oxygen. 

Other  substances  are  often  disengaged  from  volcanos  as 
vapours,  but  condense  round  its  exterior  either  in  a  liquid  or 
a  solid  condition. 

Such  is  the  petroleum  found  by  Breislac  at  the  foot  of 
Vesuvius,  in  the  Val  di  Noto  in  Sicily,  amongst  the  extinct 
volcanos  of  ancient  Latium  and  Auvergne,  on  the  spot  now 
occupied  by  the  Dead  Sea,  the  site  of  the  ancient  eruption 
recorded  in  the  Book  of  Genesis,  and  in  many  other  localities. 
Such  also  is  the  sulphuric  acid,  which  has  been  hitherto  no- 
ticed chiefly  amongst  extinct  volcanos ;  as  for  instance  in  a 
stream  issuing  from  that  of  Purace  between  Bogota  and  Quito, 
in  one  derived  from  Mont  Idienne  in  Java,  and  probably  in 
the  rocks  connected  with  the  languid  operations  proceeding 
about  Radicofani  in  Tuscany. 

Its  occurrence  is  satisfactorily  explained  in  a  recent  paper* 
by  M.  Dumas.  He  shows,  that  when  sulphuretted  hydrogen 
at  a  temperature  above  100°  Fahrenheit,  and  still  better  when 
near  190%  comes  into  contact  with  certain  porous  bodies,  a 
catalytic  action,  as  it  is  called,  is  set  up,  by  which  water,  sul- 
phuric acid  and  sulphur  are  produced.     Hence  probably  the 

*  Annales  de  Chemie,  Dec.  1846. 
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vast  clrposits  of  sulphur  associated  with  sulphates  of  lime  and 
strontiao  which  arc  met  with  in  the  westero  parts  of  Sicily. 

The  BoUd  substances  sublimed  by  volcanos  are, — I .  Boracic 
acid,  found  in  the  crater  of  Volcano  and  the  Lagunes  of  Tua- 
cany,  which,  though  it  remains  fixed  in  our  furnaces,  appears 
to  be  evolved  in  vapour  by  these  volcanos.  This  circumstance 
however  is  probably  connected  with  the  presence  of  steatn, 
for  1  have  myself  found  by  experiment,  that  if  aqueous  vapour 
be  passed  over  powdered  boracic  acid,  it  carries  a  j>ortion  of 
the  solid  mutter  along  with  it,  even  though  the  latter  be  vitri- 
fied. Nor  is  this  a  mere  mechanical  effect,  such  as  happens 
when  a  current  of  steam  meets  in  its  passage  with  finely 
powdered  lime  or  magnesia,  for  traces  of  the  boramc  acid 
were  detected,  even  though  the  substance  had  been  inclosed 
ill  B  tube,  closed  at  both  ends  by  platin.i  foil  perforated  with 
lery  minute  apertures  tor  the  passage  of  steam ;  whereas  when 
the  earths  were  introduced  into  the  same  kind  of  apparatus, 
not  a  particle  of  them  was  carried  along. 

2.  Muriate  of  ammonia  seems  to  be  very  copiously  disen- 
gaged during  certain  eruptions,  as  by  that  of  1780  at  Etna, 
and  by  VcsuWus  commonly.  1  collected  it  abundantly  in  1S34 
in  b«;iutitiil  orange-coloured  crystals,  disengaged  from  the 
cracks  and  crevices  of  the  same  fluid  lava  which  had  been 
emitted  three  months  before.  Its  colour  is  attributable  to  the 
presence  of  a  small  ([uaiitity  of  iron. 

;!,  Specular  iron  ore,  probiibly  sublimed  in  combination 
willi  ehloiiiic,  which  hitter  priiicijile  may  became  separated, 
on  its  cominir  inlci  contaet  « ith  the  atmosphere,  by  means  of 
tjie  licat,  water,  ;m(l  o\yficn  of  the  air. 

4.  Muriate  iif  soda,  the  most  abundant,  as  well  as  the  most 
uiiivcrsiilly  prcsiiil  ol'  lliein  all,  beinj;  cxiialod  more  or  less 
from  iilmost  all  vuleanos,  and  present  even  in  their  lavas,  ac- 
cording to  Montieclli,  \\Ik)  obiaiiicil  more  than  nine  per  cent, 
of  it  by  simple  \iatliin^',  ii-oiu   that  \\lueh  issued  from  Vesu- 

I  do  not  iuchidv  anion;^  tliose  sublimations  the  deposits  of 
sul|)luir,  or  t!ie  sidplnireU  uf  iron,  copper,  arsenic,  and  scle- 
iiiiiin;  still  less  the  various  Milphuric  salts  found  ciHorescing 
arovii'd  the  s|jiraLles  of  all  volcanos. 

The  sidplinr,  nhieli  .sceuis  to  be  of  siieh  C 
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where  volcanic  operations  are  going  on,  is  evidently  derived, 
either  from  the  mutual  decomposition  of  sulphurous  and  sul- 
phuretted hydrogen  gases,  or  from  the  catalytic  action  exerted 
upon  the  latter  gas  by  porous  bodies  assisted  by  a  certain 
temperature.  We  know  at  least  of  no  well-authenticated  case 
of  its  sublimation  in  an  un combined  state  from  any  volcano, 
and  analogy  would  lead  us  to  extend  the  same  inference  to 
the  compounds  of  sulphur  with  arsenic  and  selenium  that 
occasionally  accompany  it. 

The  sulphates  of  lime,  alumina,  iron,  magnesia,  and  soda^ 
which  so  frequently  encrust  the  surfaces  of  recently  ejected 
masses,  or  the  fissures  of  volcanos  in  present  action,  are  evi- 
dently produced  owing  to  the  affinity  exerted  by  the  sulphuric 
acid,  which  has  been  produced  in  the  way  described,  for  those 
alkaline  and  earthy  bases  with  which  it  may  have  come  into 
contact. 

The  substances  hitherto  noticed,  in  whatever  condition 
they  may  present  themselves  to  the  eye  of  the  observer,  have 
evidently  either  been  disengaged  from  the  volcano  as  gases, 
or  at  least  have  resulted  from  its  gaseous  products ;  but  we 
have  next  to  consider  those  which  have  been  thrown  out  in  a 
solid  or  a  liquid  state  from  the  crater,  not  having  become, 
like  the  former,  volatilized  by  the  action  of  the  heat. 

These  may  be  divided  into  such  as  have  undergoue  a  com- 
plete change  from  the  process,  amongst  which  we  compre- 
hend lavas  and  loose  ejected  masses  of  similar  composition ; 
and  such  as  are  thrown  out,  either  unaltered,  or  at  least  re- 
taining enough  of  their  original  characters  to  be  identified 
with  some  one  or  other  of  the  existing  rocks. 

Beginning  with  the  former  class  of  substances,  I  shall  first 
state  their  chemical  and  afterwards  their  mineralogical  cha- 
racters. 

Lava,  when  observed  as  near  as  possible  to  the  point  whence 
it  issues,  is,  for  the  most  part,  a  semifluid  mass  of  the  con- 
sistence of  honey,  but  sometimes  one  so  liquid  as  to  penetrate 
the  fibres  of  wood*.  It  soon  cools  externally,  and  therefore 
exhibits  a  rough  uneven  surface;  but  as  it  is  a  bad  con- 
ductor of  heat,  the  internal  mass  remains  liquid  long  after  the 

*  Flearian  de  Bellevue  sur  I'Action  des  Volcans. 
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portion  exposed  to  ihc  air  has  become  soliditicd  '.  The  tem- 
perature At  whioh  it  caiitinueH  fluid  is  coasiderable  enough  to 
melt  glass  or  silverf,  and  has  been  found  to  liquefy  in  four 
minutes  a  mass  of  lead  of  such  a  size,  as,  xrhen  placed  on 
red-hot  iron,  to  require  double  that  time  for  entering  into 
fusion  t- 

Stones  of  a  spongy  nature,  pumices  probably,  melted  when 
thrown  down  into  the  lava  of  Vesuvius;  that  of  Etna  is  said 
to  have  effected  the  same  5;  ind  a  current,  which  proceeded 
from  an  Icelandic  volcano,  is  stated  to  have  fused  every  kind 
of  hard  stone  that  came  in  its  way. 

On  the  other  hand,  masses  of  limestone  have  been  taken 
out  from  the  midst  of  lava  with  no  signs  of  fusion  upon  them, 
and  even  with  their  carbonic  acid  undiminished ;  iihilst  the 
Iiouses  of  Torre  del  Greco,  and  of  other  villages  which  had 
been  enveloped  in  liquid  lava,  remained  unaffected  by  it. 
When  bell-inetal  was  submitted  to  the  Vesuvian  lava  of 
1794,  the  zinc  was  separated,  but  the  copper  continued  un- 
altered II. 

Sir  James  Hall,  in  his  memoir  on  Whinstone  and  Basalt, 
has  presented  us  with  a  table  of  the  relative  fusibilities  of 
seven  specimens  of  whin  or  basalt  from  the  neighbourhood  of 
Edinburgh,  and  of  an  equal  number  of  lavas  from  various 
European  locnlitics ;  fioiu  which  it  appears,  that  when  con- 
verted into  the  st;ite  of  ^la.ss.  they  became  softened  at  a  tem- 
perature from  15"  to  Cl"  of  Wctlgwood,  or  ,K)27'' to  -llO/^of 
Fahrenheit.  Wliilst  111  a  eryslidliiie  state  the  same  inf^rcdicnts 
contimied  solid  ;it  tliis  leiiij)criiture,  but  became  soft  at  one 
varying  from  i2a"  to  5  j"  of  AVcdywaod,  or  from  ■1717"'  to  8227% 
a  lieiit  inferior  io  that  of  a  common  glass-house. 

With  this  slatcineiit  reganlinf^  the  melting-point  of  igni- 
genoiis  prochicls,  the  ciieinical  composition  which  appears  to 
belong  to  ihem  is  in  eomiilcte  aceordancc. 

•  Tliat  <:(  IS'ii,  sgmo  ,l:iys  iiltur  it  haii  Ijcni  tmitteil,  raised  the  thcrmo- 
mftoi-  fi-oni  59  t"  !!'■  nX  a  cli^tniiccuf  iwflvu  IVl-I— ihi.'c  Ipct  off.  tlic  lieal  (iru- 
iluceil  piTully  fu-irili'cl  ilwt  uDi.iiliiig  wiikr.   (Moiititi^Ui.Sluriiidi  Vi'suv.) 

t  JSivislat,  Voy.  .hiiis  la  Laiu|..  i.  |i.  2711. 

;  SpaMnniniii,  b.  4.  (i.  ;i. 

i^  lbi,i.  li.  4.  |i.  S.^iiid  l''az/;.llu  asijuoted  by  S pail.  p.  11. 
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Thus  it  may  be  seen,  by  turning  to  the  second  chapter 
of  this  volume,  that  lava  consists  in  general  of  one  of  those 
species  of  the  felspar  family  which  contain  one  atom  of  silica 
united  with  one  of  alumina,  namely  either  labradorite,  anor- 
thite,  or  ryacolite,  most  commonly  the  first,  and  that  with  this 
is  associated  the  mineral  called  augite — a  silicate  of  lime, 
magnesia,  protoxide  of  iron  or  of  manganese.  Now  neither 
of  these  minerals  are  of  a  very  infusible  character,  but  in  con- 
sequence of  the  aflSnity  subsisting  between  the  silica  they  con- 
tain and  the  respective  bases,  yield  readily  to  the  heat  of  an 
ordinary  blast-furnace,  as  might  indeed  be  expected  from  the 
analogy  of  their  composition  to  that  of  artificial  glasses*. 

Nevertheless  there  are  circumstances  which  have  induced 
certain  naturalists  to  adopt  quite  a  different  view  of  the  nature 
of  lavas,  and  to  imagine  them  to  owe  their  fluidity,  not  to  the 
intensity  of  the  heat,  but  to  the  presence  chiefly  of  some 
solvent  or  flux. 

This  opinion  was  originally  broached  by  Dolomieu,  who 
founded  it  upon  an  assumption,  now  admitted  to  be  erroneous^ 
namely  that  the  crystals  of  augite  and  hornblende  which  lava 
contains,  existed  antecedently  to  the  fusion  of  the  mass,  and 
were  not  produced  in  consequence  of  the  latter  being  brought 
into  a  melted  condition.  Hence  he  necessarily  concluded, 
that  the  lava  could  only  have  been  subjected  to  a  degree  of 
heat  inferior  to  that  at  which  such  crystals  would  become 
fused. 

Finding  therefore  sulphur  to  be  exhaled  from  certain  lavas, 
he  imagined  this  to  act  as  a  flux  to  the  other  substances,  and 
accounted  for  the  difficult  fusibility  of  the  mass  when  once 
cooled,  from  the  escape  of  the  sulphur  originally  present.  Now 
the  existence  of  sulphur  in  lavas  has  been  asserted  by  some 
and  denied  by  others :  if  it  ever  is  present  in  them  it  nfust  be 
in  the  state  of  sulphuretted  hydrogen,  detained,  as  muriatic 
acid  is  known  to  be,  within  the  pores  of  the  lava  by  a  kind  of 
adhesive  affinity,  but  slowly  disengaged  from  it  during  the 
process  of  cooling.  Whether  however  it  occurs  or  not,  there 
seems  no  necessity  for  attributing  to  its  presence  the  fusion  of 

*  According  to  Saussure,  'Journal  de  Physique/  an.  2,  felspar  melts  at 
70^  of  Wedgwood,  basalt  at  76°,  and  hornblende  at  about  100^ 
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the  mfiBs,  when,  aa  wc  have  seen,  the  comjiosition  of  Un  laiter 
alouc  sutlictcntly  nrcoimta  for  this  circumstance. 

It  must  in  any  case  be  disengaged  very  soon  oAcr  the  melted 
mutter  hns  been  (■jcctcii,  for  no  sulphurorjs  vapoura  are  per- 
ceived to  issue  from  a  lava-current  of  old  standing,  even  thinigh 
it  may  continue  internally  fluid;  and  it  is  well  known  that 
sulphur  forms  no  part  whatever  of  the  composition  of  lavas, 
ami  cao  therefore  only  be  mechanically  mixed  with  them. 

An  English  geologist  some  years  ago*  brought  forward  a 
modificotion  of  Dolomieu'a  theory,  by  supposing  water  to  act 
the  part  which  tlie  latter  attributed  to  sulphur ;  and  although 
we  are  compelled  to  reject  hia  theoretical  views  on  this  subject 
OS  utterly  inconsistent  with  known  chemical  principles,  yet  they 
tend  to  corroborate  those  facts  which  I  have  myself  recorded 
with  respect  to  the  existence  in  lava  of  certain  volatile  matters, 
which  are  copiously  disengaged  from  it  in  the  state  of  vapour. 
These  would  appear  to  have  been  confined  by  the  pressure  of 
the  superincumbent  mass,  until  its  gradual  cooling  caused 
fissures  by  which  they  were  enabled  to  make  their  escape,  and 
perhaps  the  influence  of  pressure  may  have  been  assisted  by 
Bome  kind  of  adhesive  affinity  between  them  and  the  other 
constituents f.  From  their  presence  in  a  gaseous  form,  pent 
up  within  the  interior  of  the  mass,  may  jwssibly  have  arisen 
those  caverns  and  vaults  which  exist  in  many  lavas  whose 
thickness  is  considcralilu,  such  as  ccrlain  of  those  in  Iceland. 

All  wrilcrs  iulmit  thiit  variuiis  salts  are  ciiiiltcd  from  the 
surface  of  recent  lava  \\hicii  are  never  found  amongst  its 
constituents;  and  if  these  arc  suliiinicd,  as  appears  to  be  the 
case,  by  the  heat,  the  same  may  also  happen  in  the  case  of 
those  other  more  volatile  matters,  whose  extrication  from  lava 
is  vouched  for  on  respectable  authority. 

The  loose  frii^niints  ejected  from  the  crater  difler  hut  little 
in  mineral  composition  from  the  continuous  streams  of  lava, 
but  they  are  generally  of  a  more  cellular  and  porous  aspect, 
not  uncommonly  tibrons,  and  consequently  more  brittle  and 
incoherent.     They  also  nuu-e  frequently  iiiescnt  that  vitreous 

•  Ml.  PnuUtl  Smii.f  in  lii=  ivi.tk  .m  Vuk^uii-s. 

t  Scf  this  pt.iiit  ilitcusKii  ill  my  iiicmoir  uii  llic  Enipliuii  of  Vtsuvius 
ill  1W34.  Phil.  Trans.  lsa5. 
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appearance  which  is  the  effect  of  sudden  cooling,  and  vary  in 
size  from  masses  many  tons  in  weight  to  a  fine  and  impalpable 
powder. 

There  seems  therefore  good  reason  for  suspecting  that  all 
those  volcanic  products  which  we  have  just  been  considering, 
in  whatever  form  they  may  have  issued  from  the  volcano,  are 
allied  to  the  rock  denominated  trachyte ;  being  either  derived 
from  it,  or  containing  in  common  with  that  rock,  felspar  as  one 
of  its  essential  ingredients.  Indeed  it  has  been  often  found, 
that  in  many  places  where  the  structure  of  a  volcanic  moun« 
tain  has  chanced  to  be  exposed,  the  lowest  in  the  series  of 
formations  that  present  themselves  to  the  eye  is  of  a  trachy tic 
nature,  and  that  the  strata  superincumbent  seem  to  show  a 
resemblance  to  that  rock,  more  or  less  close  in  proportion  to 
their  contiguity  to  it*. 

Trachyte  also  is  a  rock  of  such  universal  occurrence  in  vol- 
canic countries,  and  so  abundant  in  those  in  which  the  action 
is  of  the  most  remote  date  and  has  taken  place  on  the  most 
extensive  scale,  that  it  seems  to  be  natural  to  derive  from  it 
the  lavas  subsequently  ejected,  regarding  them  merely  as  so 
many  modifications  of  this  original  material,  more  or  less 
changed  by  the  longer  continuance  of  the  heat,  or  by  the  ad- 
mixture of  other  matters. 

But  considering  the  peculiar  characters  and  composition  of 
trachyte,  as  well  as  the  circumstance  of  its  being  limited  to 
countries  that  appear  to  have  undergone  the  action  of  volcanic 
fires,  we  can  hardly  regard  it  as  a  substance  which  makes  a 
part  of  the  original  constitution  of  the  globe,  and  shall  be 
disposed  to  set  it  down  as  itself  a  product,  although  a  primary 
one,  of  the  fusion  of  other  kinds  of  rock.  Of  what  nature 
this  latter  may  consist,  vnll  perhaps  be  determined  if  we  ex- 
amine, first,  with  what  particular  descriptions  of  rock  trachytes 
are  most  connected  in  point  of  situation ;  and  secondly,  to 
what  they  present  the  nearest  resemblance  in  mineralogical 
and  chemical  composition. 

The  former  inquiry  will  lead  us  to  consider,  in  the  first  in- 
stance, the  nature  of  those  ejected  masses  which  appear  to 
belong  to  the  contiguous  rock  formations,  and  not  to  be  pro- 

*  See  especially  the  chapter  on  the  Canary  Islands. 
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iliictH  of  those  igneous  operations  to  which  their  ejection  has 
been  owing. 

Among  these  we  read  of  no  substance  bearing  tlie  slightest 
resemblance  to  the  constituents  of  secondary  or  tertiary  strata, 
but  of  many  which  may  with  the  greatest  probability  be  re- 
ferred to  rocks  of  a  granitic  character. 

Thus  at  the  Pny  Chopine  in  Auvergnc,  granite  is  found 
intermingled  with  the  trachyte  and  greenstone,  thrown  toge- 
ther in  confusion,  as  if  the  whole  was  elevated  at  one  time 
before  the  rock  had  undergone  an  entire  change  from  the 
process.  In  the  lavas  of  the  Vivarais,  in  those  of  the  Rhine, 
and  in  other  localities,  imbedded  masses  have  been  met  with 
having  much  the  appearance  of  an  altered  gneiss  or  granite. 
Humboldt  mentions  his  having  found,  in  the  midst  of  the  new 
volcano  of  Jorullo  in  Mexico,  white  angular  Iragments  of 
syenite,  composed  of  a  small  portion  of  hornblende,  with  much 
lamellar  felspar ;  Gcmellaro  discovered  a  mass  of  granite  con- 
taining tinstone  amongst  the  ejected  masses  of  Mount  Etna ; 
and  the  same  rock  has  been  detected  amongst  the  trachyte 
of  the  Ponza  Islands  by  Mr.  Scrope,  and  in  tlic  lava  of  Vesu- 
vius by  Dr.  Thomson  of  Naples. 

Mica-slate  has,  in  one  instance,  been  found  ejected  from 
Vesuviita,  and  various  granular  limestones  of  a  dolomitic  cha- 
racter arc  met  witli  amongst  the  masses  derived  from  the  old 
crater  of  Vesuvius,  which  lie  acciinudatcd  in  the  Fossa  Grande 
and  other  hollow  ways  oii  the  sliijic  of  the  volcano.  It  must  be 
remarked  however  that  these  latter  arc  never  imbedded  either 
in  the  lavas  or  in  the  volcanic  masses  ejected,  so  that  they  do 
not  stand  i[i  the  same  relation  to  them  as  the  granitic  masses 
do  which  have  Ix-cn  above  enumerated. 

\Vith  regard  to  the  formations  in  which  trachytic  rocks,  or 
to  speak  more  generally,  volcaiios,  usually  appear,  grc.it  dis- 
crepancy seems  at  first  sight  to  exist. 

Thus,  to  be;,'in  with  the  Rhine,  the  formation  on  which  the 
trachyte  of  the  Siebcngebirge  rests,  and  among  which  the 
volcanos  of  the  K\M  have  arisen,  is  a  clay-slate  belonging  to 
the  Silurian  scries;  in  Anverirne,  the  rocks  of  Mont  Dor  and  of 
Clermont  I'lthei'  rest  iuunediatclv  upon  granite,  or  are  sepa- 
rated from  it  only  by  a  tertiary  dcjiosit,  whilst  those  of  Can tal 
are  incumbent  on  mica-slate.     In  Hungary  the  rock  under- 
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neath  is  a  porphyry  associated  with  syenite,  clay-slate,  &c., 
and  referred  by  Beudant  to  the  transition  series ;  in  Tran- 
sylvania, according  to  Boue,  the  trachytes  lie  near  the  mica- 
slate  and  gneiss,  with  which  are  masses  of  syenite  and  marble; 
whilst  in  Styria  the  rock  most  immediately  surrounding  the 
little  trachytic  formation  of  the  Gleichenburg  is«gneiss. 

In  Italy  the  case  is  somewhat  different ;  yet,  though  the 
trachyte  of  the  Euganean  hills  rises  from  beneath  chalk,  we 
have  reason  to  believe  that  primary  rocks  lie  at  no  great 
depth  beneath,  as  they  are  found  near  Schio,  and  support 
the  alternations  of  volcanic  and  neptunian  deposits  in  the 
Braganza. 

Humboldt  states,  that  the  rock  which  supports  the  vol- 
canos  of  the  New  World  is  generally  what  he  calls  a  transition 
porphyry,  and  more  rarely  granite  or  syenite ;  and  Von  Buch 
reports,  that  the  last-named  rocks  appeared  as  the  lowest  of 
those  uplifted  strata  which  surrounded  the  crater  of  the 
island  of  Palma  and  other  of  the  Canaries. 

Now,  although  the  preceding  enumeration  indicates  such 
a  variety  with  regard  to  the  position  of  volcanic  formations 
as  may  seem  at  first  sight  to  baffle  all  general  conclusions, 
yet  when  we  consider  that,  in  the  majority  of  instances,  the 
rocks  have  been  referred  either  to  the  primary  or  to  the 
most  remote  palaeozoic  series,  and  that  in  the  remaining  ones, 
the  latter  were  at  a  depth  far  less  considerable  than  that  at 
which  we  shall  afterwards  find  reason  to  conclude  that  the 
volcanic  force  itself  resides,  it  may  not  be  unfair  to  presume 
that  volcanos  have  universally  broken  out  amongst  the  older 
formations,  or  those  most  near  to  the  nucleus,  whatever  that 
may  be,  of  the  globe. 

It  is  obvious  indeed,  that  in  those  cases  in  which  volcanos 
have  appeared  in  the  midst  of  primary  rocks,  we  cannot  pre- 
sume the  seat  of  action  to  reside  amongst  those  of  a  later 
date,  but  that  the  converse  does  not  hold  good ;  so  that  if  we 
only  admit  that  any  certain  position  is  to  be  assigned  to  these 
products,  a  single  case  of  their  occurrence  in  the  midst  of 
older  formations  would  overturn  every  inference  that  can  be 
derived  from  observing  them  to  emanate  from  strata  of  a 
more  recent  date. 

If,  then,  there  be  reason  to  conclude  that  the  substance 
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^vhich  has  supplied  the  matcrltds  ejected  hj  burning  moun- 
taine,  or  which  constitutes  their  internal  nucleus,  be  derived 
from  granitic  rocks,  a  strong  nrgument  will  be  afforded  in 
favour  of  the  great  depth  at  which  those  operations  must  have 
been  seated  that  have  given  rise  to  the  effects  we  witness. 

This  infcreucc  indeed  is  greally  atreugtliened  by  a  con- 
sideration of  the  phteuomcna  attendant  on  an  eruption,  the 
general  tenor  of  which  plainly  denotes,  that  the  focus  of  the 
action  is  situated  at  a  depth  at  least  as  great  an  that  to  which 
granite  may  be  supposed  to  extend. 

I  do  not  indeed  lay  any  stress  on  the  remarks  of  Stukely, 
who  calculates  from  the  compass  of  country  over  which  earth- 
quakes have  been  felt,  that  the  force  must  in  some  instances 
lie  200  miles  beneath  the  surface,  because  there  seems  reason 
to  believe  that  vibrations  may  be  propagated  laterally  beyond 
tJie  unmediatc  influence  of  the  impelling  force;  but  1  would 
argue  from  the  immense  mass  of  materials  ejected  by  any  one 
volcano,  as  for  instance  by  Etna  or  Vesuvius,  without  exhaust- 
ing itself  or  causing  any  sinking  of  the  mountain ;  from  the 
prodigious  height  to  which  the  trachytic  nucleus  of  otliers 
seems  to  be  raised,  as  at  Teneriffc  and  iu  Equinoctial  Ame- 
rica; and  lastly,  from  the  immense  violence  of  the  eruptions 
themselves,  which  would  shiver  into  pieces  any  merely  super- 
ficial covering  of  rock,  thiit  the  clnslic  vapours  must  be  dis- 
engaged from  a  \'ui  y  great  depth  at  least,  if  not  from  one 
equal  to  that  to  whicli  the  crust  of  the  earth  may  be  sup- 
posed to  extend. 

Having  now  cxaiuiiicd  t!ie  products  of  subterranean  tire 
iudividitally,  I  will  next  consider  (hcni  in  the  aggregate,  and 
explain  flic  niiinncr  in  wliich  (hey  piwhice  IIkisc  vast  accu- 
muliitions  of  volcanic  inaleriids  wliich  occitpy  so  large  a  por- 
tion of  the  snrface  of  our  globe. 

Those  ob^'rvera  who  have  been  fortunate  enough  to  obtain 
a  near  view  of  llie  crater  of  :i  burning  niounlain,  in  what  is 
called  its  active  condiiiou,  inform  us  tliat  tliu  interior  of  it  is 
liiled  with  a  body  of  melteil  lava,  nhicli  may  be  seen  alter- 
nately rising  and"  fillinL:  witliin  the  abyss. 

At  its  inaxiiiiuin  i.i'  eieviition,  one  or  more  immense  bubbles 
have  been  seen  to  forni  on  tlic  teurface  of  the  lava,  and  rapidly 
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swelling,  to  explode  with  a  loud  detonation.  This  explosion 
drives  upwards  a  shower  of  liquid  lava,  which  cooling  rapidly 
in  the  air,  falls  in  the  form  of  scoriae.  The  surface  of  the 
lava  is  in  turn  depressed,  and  sinks  several  feet,  but  is  pro- 
pelled again  upwards  in  a  moment  by  the  rise  of  fresh  volumes 
of  elastic  fluids,  which  escape  in  a  similar  manner.  Such  is 
the  account  given  by  Mr.  Scrope  of  the  crater  of  Stromboli, 
which  he  surveyed  from  a  commanding  point  of  rock  ;  such 
hkewise  in  the  main  is  that  given  by  Spallanzani  of  Etna,  by 
Bory  St.  Vincent  of  the  volcanos  of  the  Isle  of  Bourbon,  and 
by  Ellis  of  Kirauea  in  Owhyhee.  In  all  these  cases  a  mass 
of  melted  matter  qf  unknown  depth,  covered  for  the  most 
part  with  a  thin  pellicle  of  scoriform  lava,  and  emitting 
copious  volumes  of  steam  or  gas,  was  perceived  in  the  crater 
which  these  observers  overlooked. 

Now  it  is  evident,  that  the  tendency  to  eruption  in  such  in- 
stances will  depend  upon  the  relation  existing  between  the  ex- 
pansive energy  of  the  materials,  and  the  controlling  force 
derived,  in  part,  from  the  pressure  of  the  superincumbent 
atmosphere  or  ocean,  and  in  part  from  the  weight  of  the 
column  of  liquefied  matter ;  and  that  as  in  general  a  consi- 
derable proportion  of  the  matters  ejected  during  a  paroxysm 
of  volcanic  action  falls  back  into  the  crater,  whilst  the  elastic 
fluids  which  served  to  expel  them  escape,  the  active  state  of 
a  volcano  will  be  intermittent,  and  its  eruptions  placed  at 
distant  intervals  asunder. 

In  a  few  rare  instances,  as  at  Stromboli,  where,  from  some 
peculiarity  in  the  configuration  of  the  mountain,  the  whole 
of  the  ejected  materials  falls  into  the  sea,  and  is  carried  away 
by  a  strong  current  to  a  distance,  the  repressive  and  expan* 
sive  forces  may  be  so  equally  balanced,  that  a  series  of  ex- 
plosions shall  occur  at  short  intervals  for  any  length  of  time 
during  which  the  volcanic  processes  continue,  without  any 
accession  of  violence  ever  taking  place,  sufficient  to  produce 
the  emission  of  a  continuous  current  of  lava.  In  cases  where 
the  opposite  forces  are  so  nicely  balanced,  it  may  happen 
that  the  mere  variations  of  atmospheric  pressure  will  cause  a 
difference  in  the  explosive  force,  and  thus  may  be  explained 
what  the  inhabitants  of  that  island  have  from  time  imme- 
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morial  remarked,  tliat  the  intensity  of  the  eruptire  violence 
is  grentcst  in  stormy  weather. 

It  is  evident  then,  if  we  suppose  this  to  be  the  condition 
of  every  active  volcano,  that  when  once  the  violence  of  its 
operations  has  arrived  to  auch  a  pitch  as  to  o\'ercoine  the 
resistance  opposed  to  it,  the  elastic  vapours  will  throw  out 
portions  of  liquid  luva,  just  as  when  a  mass  of  melted  metal 
happens  to  full  into  a  vessel  containing  water,  the  steam  ge- 
nerated disperses  it  iii  all  directions.  These  portions  of  lava 
projected  into  the  air  nill  descend  again  in  the  form  of  scoria; 
or  sand,  and  collect  into  an  aggregate,  which  has  been  called, 
rather  improperly  perhaps,  a  bed  of  volcanic  tuff. 

But  the  projection  of  these  fragments  is  soon  followed 
by  the  overllow  of  the  melted  lava  itself,  m  hich  by  degrees 
reaches  the  brim,  spreads  over  the  tuff,  and  forma  a  regular 
bed  encircling  the  oi-iginal  aperture. 

Now  the  repetition  of  these  successive  operations  might 
cause  that  alternation  of  beds  of  lava  and  tuff,  which  is  found 
to  constitute  the  sides  of  most  volcanic  craters,  and  it  will  be 
at  once  seen,  that  the  direction  in  which  they  lie,  to  appear- 
ance horizontal,  when  viewed  from  the  interior  of  the  chasm, 
but  in  reality  dijiping  on  all  sides  away  from  the  centre  at  an 
angle  of  about  30°,  is  exactly  what  would  happen  if  we  sup- 
pose them  formed  in  the  manner  represented.  In  the  wood- 
cut annexed  to  ])age  '2U2,  the  disposition  of  the  beds  in  a 
crater  of  eruption  h  ^ivcn,  and,  as  contracted  with  it,  is  shown 
tliat  of  the  beds  on  :i  hill,  wliich  may  chance  to  have  been 
hollowed  out  by  the  action  of  water,  in  a  manner  which 
causes  it  to  eorix'spond  i)i  external  appearance  with  that  be- 
longing to  a  crater,  alter  llio  latter  has  been  broken  away  and 
partially  destroyed  by  the  influence  of  other  agents. 

It  is  true  that  we  can  hardly  imagine  many  hundred  alter- 
nations of  strata  so  constituted  to  mantle  round  the  crater  in 
tlie  way  supposed,  ibi'  it  is  evident  that  the  slightest  irregu- 
larity in  the  brim  over  which  the  lava  flowed,  or  upon  which 
the  seorini  descended,  would  determine  these  materials  more 
on  one  side  than  on  the  others,  so  that  there  would  never  be 
found,  after  the  first  few  beds  had  been  formed,  any  that  actu- 
ally extended  round  the  whole  circumference. 
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But  Mr.  Lyell  has  stated  from  actual  observation,  that  this 
appearance  of  uniformity  is  delusive,  and  that  the  cone  is  in 
reality  composed  of  a  number  of  beds,  each  of  which  thins 
out  so  gradually  as  to  be  confounded,  and  to  appear  con- 
tinuous^ with  some  other  placed  next  it. 

The  above  statement  of  the  ordinary  succession  of  phseno* 
mena  occurring  during  a  volcanic  eruption,  which  we  owe 
originally  to  M.  Nccker  de  Saussure,  supplies  us  with  a 
simple  and  apparently  natural  explanation  of  the  structure  of 
an  ordinary  cone — the  quaquftversal  dip  of  its  strata — the 
regular  alternation  of  tuff  and  lava,  and  even  perhaps  of  the 
dykes  which  intersect  them.  But  are  we  at  liberty  to  infer, 
that  the  whole  of  a  volcanic  mountain,  whatever  may  be  its 
form,  antiquity  or  position,  whether  situated,  like  Vesuvius, 
on  the  borders  of  the  sea,  or,  like  the  Peak  of  Teneriffe,  in 
the  midst  of  a  fathomless  ocean,  is  built  up  entirely  after  this 
fashion  ? 

Even  in  the  absence  of  any  direct  evidence  on  the  subject, 
we  should  be  inclined  to  hesitate  before  we  adopted  such  a 
conclusion,  and  to  ask  ourselves  whether,  under  so  enormous 
a  pressure  as  that  of  the  ocean,  the  expansive  force  of  elastic 
fluids  struggling  to  escape,  would  not  be  more  likely  to  up* 
heave  in  the  first  place  within  a  given  area,  the  strata  nearest 
to  the  focus  of  the  action,  when  softened  by  the  heat,  than 
to  eject  fragments  of  rock  round  a  cone  in  the  manner  re- 
presented. 

We  might  also  feel  perplexed  to  explain  on  such  a  suppo- 
sition the  appearance  of  any  detached  volcanic  mountain  in 
deep  water,  since  such  materials,  if  accumulated  under  the 
sea,  would  be  too  quickly  difiused  over  its  bottom  to  raise  the 
level  to  any  considerable  height  at  one  particular  point. 

It  would  also  seem,  that  if  earthquakes  are  allowed  to  have 
brought  about  an  occasional  upheaving  of  the  earth's  surface, 
and  that  without  producing  such  a  confusion  of  the  strata 
affected,  as  even  to  interfere  with  the  springs  of  the  country, 
or  to  throw  down  the  buildings  erected  on  the  spot,  there 
would  be  still  greater  reason  for  attributing  such  effects  to 
volcanic  action  exerted  upon  rocks  which  had  been  actually 
8oft;ened  by  the  previously  existing  heat. 

28 
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But  independently  of  these  probabilities,  tbcre  are  not 
wanting  direct  proofa  of  the  upheaval  of  rocka  that  appear 
to  be  connected  in  some  wny  with  volcanic  operations ;  proofa 
derived  i»  certain  cases  from  the  appearances  they  presctit, 
mid  in  others  from  the  actual  testimony  of  eye-witnesses. 

The  former  class  of  proofs  may  be  drawn  from  the  exaini- 
nation  of  volcanic  mountains,  whose  interior  structure  is  from 
some  cause  or  other  exposed  to  view  in  such  a  manner,  as  to 
reveal  to  ua  the  real  nature  of  the  material  which  composes 
its  nucleus. 

Thus,  as  has  been  already  stated*,  in  the  island  of  Great 
Canary,  and  still  more  remarkably  in  that  of  Palma,  a  chaam 
called  the  Caldera  eitists,  nearly  4000  feet  in  depth,  which 
afforded  to  Von  Buch  an  excellent  section  of  the  internal 
structure  of  the  mountain  itself.  Lowest  of  all  he  discovered 
the  primitive  rocks,  then  masses  of  trachyte,  and  above  ^■a^ious 
ultemations  of  those  volcanic  strata  which  usually  occur  in 
craters.  The  latter,  for  aught  we  know,  may  have  been 
formed  by  successive  ejections  of  lava  and  scoria' ;  but  the 
trachyte  and  the  granite  underneath  must  have  been  up- 
heaved; for  why  else  do  we  find  them  at  a  height,  which, 
though  4000  feet  perhaps  from  the  summit,  is  at  least  dOOO 
from  the  base  of  the  mountain,  and  consequently  from  tha 
level  of  ihc  sen,  ;mil  thut  sea  too  unfathomable  ?  Can  we 
resist  ihe  belief,  that  at  least  t!ie  granite  with  its  superin- 
cumbent trachyte  was  upheaved  from  the  bottom  of  the 
ocean  by  volcanic  agency,  and  tlius  constituted  a  nucleus, 
round  which  the  subsequent  ejections  have  taken  place? 

The  aspect  of  those  narrow  and  precipitous  ravines  called 
Burancos,  wjiieh  encircle  the  flanks  of  the  mountain,  favours 
this  hypothesis.  They  are  so  circumstanced,  that  we  can 
hardly  attribute  them  to  the  action  of  water;  but  if  wc  sup- 
pose a  succession  of  solid  and  unelastic  strata  to  be  suddenly 
lilted  up  in  the  maimer  of  those  in  the  island  of  Palma,  it  is 
evident  that  not  only  would  a  central  aperture  be  formed 
where  the  crater  now  exists,  but  that  t!ie  strain  would  occa- 
sion a  iiuniher  of  lateral  fissures  corresponding  with  those 
called  in  tlie  island  by  thnt  name. 

Of  the  upheaving  of  trachyte  in  detached  dome-shaped  or 
■  I'age  446-417. 


PROOFS  OF  BLBVATION.  627 

conical  masses,  and  that  by  forces  which  we  can  hardly  hesi- 
tate to  regard  as  volcanic,  examples,  we  conceive,  of  even  a 
less  equivocal  kind,  may  be  found  in  countries  accessible  to 
the  European  traveller. 

To  what  other  cause,  for  example,  are  we  to  attribute  the 
occurrence  of  those  five  isolated  hills  of  domite,  which  we 
meet  with  near  Clermont  in  Auvergne,  the  largest  of  which, 
the  Puy  de  Ddme,  rises  nearly  3000  feet  above  the  general 
level  of  the  plateau  on  which  it  rests  ? 

On  what  possible  supposition  are  we  to  account  for  the 
regularity  of  their  form,  their  perfectly  detached  position, 
and  their  occurring  each  in  the  midst  of  an  amphitheatre 
composed  of  volcanic  rocks  of  a  totally  different  kind  ?  Shall 
we  imagine  them  to  be  the  relics  of  a  continuous  stratum 
once  spreading  over  the  adjacent  country,  but  since  removed 
by  subsequent  changes?  or  shall  we  suppose  them  to  be 
masses  of  a  kind  of  lava,  which,  from  its  imperfect  fluidity, 
accumulated  round  a  central  point  without  spreading  into 
the  adjacent  plain  ?  The  former  supposition  seems  irrecon- 
cilable with  the  fact  of  the  total  absence  of  all  traces  of  the 
rock  elsewhere,  and  with  the  conical  form  belonging  to  some 
of  these  masses ;  the  latter  is  manifestly  inconsistent  with  its 
chemical  constitution,  and  the  idea  of  its  owing  its  fluidity  to 
intense  heat,  which  we  have  thought  fit  on  other  grounds  to 
adopt  *. 

In  one  of  these  hills,  the  Puy  Chopine,  we  appear  even  ta 
be  able  to  trace  the  very  steps  by  which  the  process  has 
taken  place.  We  observe  here,  not  merely  a  rock  composed 
of  that  variety  of  trachyte  which  in  the  other  four  hills  con- 
stitutes  the  whole  mass,  but  by  the  side  of  it,  forming  the 
portion  fronting  the  south-west,  south-east,  and  east,  a  con- 
geries of  various  primary  and  volcanic  rocks  in  different  states 
of  alteration.  I  may  enumerate,  a  conglomerate  composed 
of  scoriae  and  volcanic  tuff,  basalt,  hornblende,  slate,  syenite^ 
and  granite  more  or  less  disintegrated,  especially  where  in^ 
contact  with  the  trachyte.    The  whole  of  the  mountain  is 

•  See  this  question  more  fully  discussed  by  myself,  in  a  letter  to  Pro- 
fessor Jameson  on  the  Diluvial  Theory,  and  on  the  Origin  of  the  Valleys 
of  Auvergne,  published  in  the  '  Edinburgh  New  PhiiosophicalJournar  for 
April  1831,  and  likewise  touched  upon  in  the  third  chapter  of  this  work. 

2  s  2 
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Biirroiiiided  by  an  nmpliithcatre  of  rocks,  composed  of  a  con- 
geries of  scoriforni  volcanic  products,  from  the  mklat  of  whicJi 
it  appears  to  have  been  elevated ;  so  that  we  seem  to  have  at 
once  presented  before  our  eyes,  the  material  from  which  the 
trachyte  was  elaborated,  the  several  steps  in  the  change  effect- 
ed, and  the  mode  in  which,  nhea  so  prepared,  it  was  made  to 
occupy  iU  present  position. 

If  however  we  believe  Humljoldt,  the  New  World  must 
present  a  much  more  decisive  instance  of  the  kind  than  the 
Puys  of  Auvergne  we  have  just  been  considering,  since,  as 
wc  have  seen,  Chimlrorazo,  till  lately  considered  the  highest 
mountain  in  that  hemisphere,  is  represented  by  him  as  com- 
jjosed  entirely  of  one  of  the  species  of  trachyte,  resembling 
both  in  form  and  composition  on  the  great  scale,  what  the 
Grand  Sarcouy  in  Auvergne  is  on  a  smaller  one. 

Now  we  may  reroai'k,  that  it  is  only  because  these  moun- 
tains, owing  to  the  shifting  of  the  volcanic  fire  to  another 
quarter  immediately  after  their  elevation,  or  to  some  other 
peculiarity  in  their  physical  condition,  have  given  rise  to  no 
ejections  of  lava  or  scoria:,  that  we  arc  enabled  to  ascertain 
BO  decisively  their  constitution;  for  bad  they  assumed  the 
character  of  permanent  vcnta,  and  consequently  been  cohered 
by  a  numerous  succession  of  layers  of  volcanic  materials,  we 
should  then  have  bcuu  induced  to  conchide  that  tlicy  were 
entirely  built  uji  of  tiiat  which  constituted  in  reality  merely 
their  cxteniiil  suptificies. 

Th.it  domes  ot"  tracliyte  h.ivc  actually  been  in  some  c.ises 
instrumental  in  the  elevation  of"  numerous  beds  of  lava  and 
tuil'j  can  scarcely,  1  think,  be  doubted  by  those  who  h.ivc 
seen  the  crater  of  Kocca  Montina  or  of  Astroin,  which  have 
however  been  sulIicientEy  dwelt  upon  in  the  former  part  of 
my  wo  ill. 

Facta  like  these  are  more  calculated  perhaps  to  make  an 
impression  on  the  generality  of  readers,  than  the  refined  cal- 
cul.-itions  into  which  M.  Etie  dc  llcaumont  has  entered,  in 
ordei-to  prove  on  niatJiematical  <riounds  tluittlie  table-land  of 
Mont  l)or  and  of  the  Cantal  must  have  undergone  upheaval. 

It  may  not  however  be  amiss  here  to  rcniind  the  reader  of 
the  !-tructure  of  those  districts,  as  cxi>ljiiued  in  the  third 
chn|)ter  oi"  this  Treatise,  from  which  it  would  appear,  that 
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they  are  composed  of  vast  sheets  of  basalt  aad  trachyte  spread 
in  a  gibbous  form  over  extensive  areas  of  country. 

To  trace  these  formations  to  any  series  of  volcanic  craters 
which  may  be  supposed  formerly  to  have  existed  in  the 
country^  or  in  other  words^  to  place  them  under  the  same 
category  as  the  modern  volcanic  products  of  the  neighbour- 
ing district,  has  I  believe  never  been  attempted  by  geologists 
of  any  school ;  and  M.  Virlet,  one  of  the  most  distinguished 
opponents  of  the  elevation-theory  in  France,  who  accom- 
panied the  scientific  expedition  sent  by  the  French  govern- 
ment to  the  Morea,  is  compelled  to  admit  that  the  eruptions 
which  built  up  the  Mont  Dor  and  the  Cantal  must  have  been 
on  a  greater  scale  than  any  which  we  at  present  experience ; 
thus  giving  up  the  very  point  which  pleads  most  strongly  in 
favour  of  the  rival  theory,  by  admitting  that  causes  now  in 
action,  operating  with  only  theii*  present  intensity,  would  be 
inadequate  to  produce  the  phsenomena. 

It  is  true  the  adversaries  of  Von  Buch's  theory  in  this 
country,  more  consistent  in  their  opposition,  endeavour  to 
show  that  lava-currents  of  equal  extent  have  been  emitted  in 
modem  days ;  and  doubtless  Iceland,  and  even  Sicily,  afford 
examples  which  may  be  fairly  brought  into  competition  with 
many  formations  of  more  ancient  date. 

But  Messrs.  Elie  de  Beaumont  and  Dufrenoy  contend,  with 
great  appearance  of  justice,  that  it  is  only  when  the  lava  has 
reached  a  tract  of  nearly  level  land,  that  it  spreads  itself  over 
so  wide  a  surface  as  is  there  represented,  and  that  during  its 
descent  down  the  sides  of  the  volcano  it  is  almost  invariably 
circumscribed  within  a  very  limited  area. 

When  therefore  we  observe  ^  conical  hill  composed  of 
sheets  of  lava  or  trachyte,  which  can  be  ascertained  to  be 
continuous  round  the  whole  or  the  greater  part  of  its  circum- 
ference, we  must  suppose  it  once  to  have  been  horizontal,  and 
to  have  been  brought  into  its  existing  position  at  some  sub- 
sequent period. 

There  are  also  not  wanting  instances  in  volcanic  districts^ 
where  the  ordinary  rocks  of  the  country  have  been  heaved 
up  round  a  circumscribed  area,  evidently  by  the  expansive 
force  of  the  vapours  from  beneath,  so  as  to  form  crater-shaped 
cavities^  resembling  in  all  particulars^  except  in  their  com- 
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poncDt  ports,  those  df  an  ordinary  volcano.  Mr,  Scropo  him- 
self has  deacribcil  one  of  them,  called  Lc  Gour  de  Tazatia,  of 
which  mention  is  mnile  in  the  third  chnpler  of  this  work. 
It  has  tlie  shape  of  n  cr&ter,  but  is  composed  almost  entirely 
of  granitic  rocks,  the  acoriic  and  piizzolana  scattered  aboat  it 
nlonc  serving  to  indicate  the  volcanic  origin  of  the  ba^in. 

Ill  my  fourth  chapter  also  arc  mentioned  Himilar  craters 
OS  occurring  in  the  Eitbl ;  and  perhaps  the  best  example  of 
them  is  the  circular  volcanic  lake  called  the  Meerfeld,  hol- 
lowed out  of  transition  slate  and  red  sandstone,  n'ithout  any 
admixture  of  volcanic  matter,  though  surrounded  by  loose 
tVogments  of  augitic  lava.  Now  if  wc  admit,  that  in  thcsi 
instances  the  rocks  in  (juestion  have  acquired  their  actual 
position  from  the  operation  of  expansive  vapours  acting  from 
below,  what  reason  is  there  for  questioning  the  imssibility  of 
the  same  forces  having  affected  volcanic  strata,  and  having 
caused  them  likewise  to  be  upheaved  in  a  similar  manner? 

But  such,  it  may  be  said,  is  not  the  structure  of  Etna  or  of 
Vesuvius.  In  these  n  ell-known  igneous  veuta  we  observe 
no  trachytic  nucleus,  even  where  we  have  the  best  opportu* 
nity  of  prying  into  the  recesses  of  either  mountain,  hut 
throughout  nothing  is  to  be  seen,  but  that  alternation  of 
lava-streams  and  beds  of  tuff  or  scoriae  which  is  produced  at 
this  verj'  time  by  the  operations  of  these  volcanos. 

Yet  even  here,  as  has  been  stated,  the  compactness,  the 
continuity,  the  prismatic  structure,  the  absence  of  seoriform 
and  ro|)y-looking  masses  superimposed,  by  which  characters, 
amongst  others,  the  ancient  sheets  of  lava  arc  distinguished 
from  the  modtrn,  have  compelled  the  opponents  of  the  theory 
of  sudden  elevation  to  admit,  that  they  were  emitted  In  a 
position  more  np])roaching  to  the  horizontal  than  that  which 
they  at  present  occupy. 

The  discussion  therefore  seems  after  all  to  resolve  itself, 
not  into  the  question  as  to  whether  volcanic  rocks  have  been 
iip]\cavci!,  but  whether  their  elevation  has  been  sudden  and 
paroxysmal,  or  gradual  and  by  successive  eflbrts. 

Now  whatever  conclusions  we  may  arrive  at  with  respect 
to  those  volcanos  lliat  have  cxislecl  in  all  material  points  the 
same  as  at  present  from  time  immemorial,  evidence  of  an  ap- 
parently decisive  eharitcfer  on  this  ([uestion  with  regard  to 
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others  is  afforded  na  by  those  persons  who  have  either  been 
eye-witnesses  of  the  formation  of  a  volcano  on  a  new  site, 
or  have  been  situated  nearest,  in  point  of  time  or  place,  to 
the  theatres  of  such  events.  Father  Qoree,  in  1707>  was 
eye-witness  of  the  appearance  of  a  new  rock  between  the  two 
islands  of  Qreat  and  Little  Cammeni,  off  Santorino,  in  the 
Grecian  Archipelago.  He  states  that  it  gradually  increased 
in  size  and  in  height,  until  it  became  half  a  mile  in  circum- 
ference, and  rose  twenty  or  thirty  feet  above  the  level  of  the 
sea,  bringing  up  with  it  live  oysters.  .  After  this  had  hap- 
pened, a  crater  appears  to  have  been  formed,  from  which 
fragments  of  volcanic  matter  were  ejected,  which  latter  now 
cover  the  surfieu^e  of  the  island  and  conceal  the  underlying  rock. 

Methana  in  Argolis,  described  in  my  eighteenth  chapter, 
seems  another  instance  in  point,  as  the  tradition  of  the  place, 
confirmed  by  the  appearances  it  now  presents,  leads  us  to 
suppose  that  it  was  suddenly  elevated. 

Among  the  Aleutian  group,  Langsdorf  has  described  a 
rock  near  the  island  of  Unalaschka,  3000  feet  in  height,  con- 
sisting of  trachyte,  which  made  its  appearance  in  1795 y  and 
seems  to  have  been  thrown  up  all  at  once  from  the  bottom  of 
the  ocean.  The  island  that  has  recently'  appeared  in  the 
Mediterranean  between  Sicily  and  the  African  coast,  though 
the  part  elevated  above  the  sea  was  made  up  of  scoriform 
matters  disposed  in  concentric  layers  round  a  central  orifice, 
seems  below  to  have  consisted  of  an  upheaved  mass  of  rock« 
It  is  certain  at  least  from  Captain  Smyth^s  account,  that  the 
depth  of  the  water  on  the  site  of  the  island  was  not  less  than 
100  fathoms  when  he  sounded  it  in  1814;  and  it  appears 
from  the  chart  accompanying  Dr.  Davy^s  paper,  that  it  varies 
in  the  immediate  vicinity  of  the  island  from  one  to  twelve 
fathoms^  from  whence  it  gradually  increases,  b6  that  at  a 
distance  of  from  100  to  200  yards  fi'om  it,  the  present  sound- 
ings range  from  twenty  to  sixty-five  fathoms. 

Now  this  change  of  level  may  no  doubt  be  explained  in 
two  ways ;  either  by  the  gradual  accumulation  of  scoriae  and 
other  volcanic  products,  or  by  the  more  sudden  elevation  of 
a  portion  of  the  bed  of  the  Mediterranean.  With  either  hy- 
pothesis the  structure  of  the  crater  is  equally  compatible ;  for 
it  is  natural,  to  suppiose  that^  After  a  conical  mass  had  been 
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Upheaved,  ejections  of  scoritD  might  have  taken  place  round 
some  central  puint. 

But  with  regard  to  the  mode  in  nhich  the  operations  of 
the  volcano  began,  I  am  disposed  to  give  the  preference  to 
the  hypothesis  of  a  sudden  upheaving;  for  to  have  raised  the 
bed  of  the  sea  from  100  to  ten  or  twelve  fathoms  water,  would 
seem  to  require  a  longer  continuance  of  volcanic  operations 
than  is  noticed  as  having  occurred  on  this  spot,  as  well  as  a 
w  ider  dispersion  of  the  ejected  mass  over  the  sea  than  appcara 
to  have  been  the  case.  We  hear  indeed  of  scoriai;  and  ashes 
having  been  distributed  on  all  sides,  even  to  the  coast  of 
Sicily ;  but  we  do  not  find  any  sensible  ditference  in  the  level 
of  the  sea  recorded,  excepting  «4thin  an  area  of  one  or  two 
hundred  yards  round  the  island,  from  which  central  point, 
therefore,  the  bottom  appears  to  sink  abruptly  in  every 
direction. 

Nor  must  we  forget  the  corroborative  fact  seized  upon  by 
the  sagacity  of  Arago,  who  argues  that  the  existence  of  a 
lower  temperature  in  the  sea  immediately  around  the  volcano, 
than  at  a  distance  flora  it,  implies  a  portion  of  the  bed  of  the 
Mediterranean  to  have  been  upheaved  in  mass. 

I  might  appeal  to  the  facts  stated  with  respect  to  the  Monte 
Nuovo  in  page  308—9,  as  serving  to  show  that  this  volcano 
likewise  must  have  been  uphciivcd,  but  for  fear  of  indulging 
too  much  in  repetition  shall  hasten  on,  and  point  out  that 
most  rcniarkahle  case  of  sudden  elevation  which  was  exhibited 
in  the  last  century  amidst  the  volcanic  country  of  Mexico. 

Here  tlien  Ihmiboldt  has  presented  us  with  an  instance 
where,  in  the  centre  of  a  great  (able-land,  and  at  a  period  not 
more  distant  than  the  middle  of  the  last  century,  both  the 
desei'iptions  given  by  the  inhabitants  of  the  country,  who 
were  actual  eyc-witiiesscs  of  the  event,  and  the  appearances 
exhibited  at  the  time  the  spot  \ias  visited  by  this  great  ob- 
server JiiniRclf,  lead  to  the  conclusion,  that  a  large  tract  of 
ground  from  three  to  four  square  miles  in  extent  was  heaved 
Tip  ill  a  convex  form  to  the  height  of  550  feet,  and  that  from 
the  midst  of  this  protuberance  arose  six  conical  hills,  the  least 
of  them  300  feet  in  height,  and  the  loftiest,  Jorullo,  elevated 
IGOO  feet  iibove  the  level  of  the  plain. 

Certain  English  geologists  have  questioned  the  soundness 
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of  this  explanation^  and  have  suggested,  that  the  convexity  of 
the  plain  may  have  been  produced  by  a  simultaneous  over* 
flow  of  lava  from  the  six  cones,  and  that  these,  uniting  into  one 
sheet,  may  have  formed  a  sort  of  circular  pool  or  lake  of  lava. 

But  this  solution  seems  to  me  clogged  with  still  greater 
difficulties  than  the  one  ofiered  by  Humboldt ;  for  although  it 
be  true  that  the  viscidity  of  a  lava-current  is  such,  that  we 
ought  not  to  suppose  it  subjected  altogether  to  the  same  laws 
as  those  which  regulate  the  flowing  of  a  body  of  water,  still  it 
seems  probable,  that  some  trifling  inequality  of  surface  in  the 
plain  over  which  it  has  spread,  some  variation  in  the  quantity 
of  lava  given  out  from  the  difierent  orifices,  would  determine 
the  sheet  of  lava  to  one  point  rather  than  to  another,  and 
thus  produce  a  stream  flowing  in  a  given  direction^  instead 
of  a  lake  of  melted  matter  circumscribed  within  so  definite 
an  area. 

It  has  been  said,  indeed,  that  the  heaving  up  of  a  tract  of 
land  of  this  kind  is  unprecedented;  but  so,  it  may  be  relied, 
is  the  formation  of  such  a  convexity  by  the  mere  overflow  of 
a  stream  of  lava  proceeding  from  any  existing  volcano.  And 
it  must  moreover  be  recollected,  that,  according  to  the  very 
conditions  of  the  theory  advocated  by  those  geologists  who 
have  objected  to  Humboldt's  views  on  this  point,  our  histo- 
rical records  would  embrace  so  very  small  a  portion  of  the 
time  occupied  by  any  of  the  great  physical  revolutions  of  our 
globe,  that  there  appears  the  less  reason  for  restricting  geo- 
logical reasoning  strictly  to  the  data  obtained  by  actual  ob- 
servation, provided  it  assume  nothing  inconsistent  with  the 
laws  which  the  latter  tend  to  establish. 

It  may  also  be  remarked,  that  the  existence  of  a  hollow 
space  beneath  a  volcano,  which  may  be  accounted  for,  although 
it  does  not  necessarily  follow,  from  the  uplifting  of  the  rocks 
composing  its  nucleus,  seems  the  best  and  most  obvious 
means  of  explaining  the  phsenomenon  stated  by  Dr.  Horsfield 
to  have  occurred  in  Java,  where  the  mountain  Papandayang, 
formerly  one  of  the  largest  volcanos  in  the  island,  is  said  to 
have  given  way,  and  in  part  to  have  fallen  in,  so  that  an  ex- 
tent of  ground  fifteen  miles  long  and  six  broad  was  swallowed 
up  in  the  bowels  of  the  earth,  with  the  destruction  of  forty 
villages  and  of  a  large  proportion  of  their  inhabitants* 
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Upon  tlic  vrtiolo  then  it,  would  seem,  upon  a  candid  survey 
of  the  facta  before  iik,  tbat  tlio  mere  obsiervation  of  that  system 
of  operations  ii  hich  is  going  on  at  the  present  day  in  connexion 
with  the  volcanos  most  famihar  to  us  in  this  quarter  of  the 
globe,  carries  ua  after  all  but  a  smalt  way  towards  the  expla- 
nation of  those  varied  eiTccts  of  igneous  forces  which  geology 
iiu  folds. 

We  have  seen,  for  instaDce,  that  even  the  older  lara-bcds 
of  Monte  Somma  cannot  be  referred  to  such  a  scries  of  phiD* 
Domena,  unless  we  choose  in  addition  to  admit  their  subse- 
quent elevation,  slowly  at  least,  if  not  suddenly,  to  have  taken 
place,  and  that  ive  can  still  less  account  in  this  manner  for 
craters  formed  Hke  Rocca  Monlina,  through  which  a  central 
nucleus  of  trachyte  has  been  protruded. 

Tbe  application  of  such  a  theory  to  the  Ibruntion  of  new 
volcanic  islands  is,  as  we  have  seen,  attended  with  many 
diflicuUies ;  and  if,  regardless  of  these,  we  persist  in  attributing 
the  rise  of  Graham's  Island  ami  others  of  recent  date  merely 
to  a  sudden  outburst  of  ecoriie  and  other  loose  materials,  we 
by  so  doing  sever  the  connexion  between  the  mode  of  their 
production,  and  that  of  other  volcanic  islands  of  greater  anti- 
quity, which,  like  the  Great  Canary,  are  seen  to  contain  within 
themselves  a  central  nucleus  of  trachyte  evidently  upheaved 
from  the  ocean. 

Lastly,  this  Iiypollicsis  fails  attogctlier  to  explain  those 
isolated  domes  of  trachyte  whicli  arc  nift  wilh  iii  Centrid 
France  and  in  equinoctial  America,  no  less  than  those  ex- 
tended plateaus  of  the  same  rock,  which  constitute  the  volcanic 
ranges  of  Mont  Dor  and  of  Cantai. 

Tlierc  seems  therefore  nn  good  reason  to  disbelieve  that 
volcanic  rocks  have  been  upheaved  bolh  on  sea  and  on  land 
by  the  expansive  force  of  ehistic  vapours,  nor  will  there  be 
any  rclnctancc  to  admit  that  tliis  upheaval  may  have  been 
sudden,  except  on  llic  jiart  of  tliose  «lio  would  contend  for 
Ji  slow  and  progressive  movement,  in  the  case  of  idl  other 
rocks  lliat  have  been  similarly  afl'ected. 

That  class  of  geologisfs  at  least,  who  do  not  object  to  the 
notion  of  paroxysmal  actions  as  applicable  to  other  instances, 
will  probably  be  induced  to  consider  the  facts  above  cited  in 
favour  of  the  sudden  elevation  of  volcanic  mountains  as  suth- 
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oiently  substantiating  a  similar  mode  of  action  as  having  been 
concerned  in  their  production,  and  it  is  for  the  sake  of  such 
persons  more  particularly,  that  I  shall  proceed  to  state  more 
distinctly  than  I  have  yet  done  the  views  of  Von  Buch  on  the 
subject  before  us,  without  however  pledging  myself  to  their  , 
adoption  in  all  their  details. 

* 

Von  Buch  has  distinguished  the  craters  of  volcanos  into 
two  classes ;  those  produced  by  eruption  and  by  elevation* 
The  former  are  brought  about  in  the  manner  already  pointed 
out  by  Necker  de  Saussure  and  others,  and  are  found  in  all 
volcanos  which  have  given  rise  to  currents  of  lava,  or  have 
constituted  permanent  vents  of  volcanic  materials. 

The  latter  are  produced  owing  to  the  upheaving  of  the 
crust  of  the  earth  by  the  agency  of  elastic  vapours  round  a 
certain  limited  area,  and  may  therefore  consist  either  of  the 
older  rocks  of  the  country,  or  of  the  products  that  have  been 
accumulated  by  antecedent  volcanic  operations.  The  one 
may  be  illustrated  by  the  crater  of  Meerfeld  in  the  Eifel, 
and  that  of  the  Tour  de  Gazana  in  Auvergne  ;  of  the  latter, 
the  Puy  de  D6me  and  other  conical  masses  of  trachyte  afford, 
it  is  conceived,  unexceptionable  examples. 

Now  as  the  structure  of  a  crater  of  eruption  has  been 
compared  by  Mr.  Lyell  to  that  of  an  exogenous  tree,  which 
increases  by  layers  deposited  from  without;  so  that  of  a 
crater  of  elevation  may,  to  follow  up  the  same  analogy,  be 
perhaps  compared  to  that  of  an  endogenous  one,  where  the 
growth  is  caused  by  the  protrusion  of  a  mass  from  within* 
The  question  therefore  is,  in  what  way  are  we  to  determine 
whether  a  given  crater,  or,  to  speak  more  generally,  a  giveii 
volcanic  formation,  be  the  result  of  the  one  or  of  the  other 
process  ? 

And  here  we  may  obtain  assistance  from  the  excellent  me- 
moir so  oden  referred  to  by  Messrs.  Elie  de  Beaumont  and 
Dufrenoy,  who  propose  the  following  method  of  distinguish- 
ing between  the  two. 

When  the  sides  of  the  mountain  are  covered  with  bands  of 
lava  circumscribed  within  narrow  limits,  we  may  fairly  infe 
that  they  have  been  formed  by  successive  ejections  j  when, 
on  the  contrary,  the  whole  circumference  of  the  cone  is  over- 
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spread  ivilh  a  continuous  sheet  of  volcanic  matter,  which  is 
commonly  the  case  where  the  BiibsUnce  of  it  is  basaltic  or 
coiDpHct,  we  may  presume  that  it  has  once  been  nearly  hori- 
zontal, and  has  since  become  upniised.  The  former  may 
happen  most  commonly  in  those  volcanos  which  are  subaerial 
and  at  present  in  action,  but  the  latter  is  the  case  generally  in 
those  which  are  subaqueous. 

Indeed,  when  we  consider  the  great  pressure  to  which  a 
mass  of  lava  would  be  subjected  if  it  were  poured  forth  under 
the  bed  of  a  deep  sea,  it  must  be  expected  to  spread  itself  out 
more  regularly  and  over  a  wider  space,  inasmuch  as  that  ten- 
dency to  an  upheaval  in  a  conical  form  which  manifests  itself 
in  subaerial  lavas  would  here  be  repressed  by  the  enormous 
weight  of  superincumbent  water. 

The  subject  however  of  submarine  volcanos  will  come 
under  our  consideration  in  a  subsequent  chapter,  and  I  shall 
therefore  only  at  present  remark,  that  the  difTerence  in  those 
conditions  under  which  lavas  were  placed,  when  beneath  the 
pressure  of  a  large  body  of  water,  and  that  of  the  atmosphere 
merely,  might  alone  prepare  us  to  expect  corresponding  varia- 
Uona  in  their  internal  texture,  as  well  as  in  the  character  and 
disposition  of  the  masses  which  they  produce  in  the  aggregate. 

IlencG  there  is  no  absurdity  in  supjiosing,  that  the  same 
elastic  vapours  which  vfnt  themselves  upon  land  in  frequent 
but  slight  explosions  of  stones  and  saiul,  or  in  periodical 
emissions  of  smull  streams  of  lava,  may  under  the  sea  be  so 
confined,  that  when  they  at  last  overpower  the  resistance  of 
the  water  above  them,  they  should  heave  up  bodily  the  rocks 
round  a  given  area,  so  as  to  form  a  crater  of  elevation  pro- 
jecting into  the  air  in  the  manner  tliat  Von  Buch  has 
suggested. 
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CHAPTER  XXXVIII. 

COMPARATIVE  ESTIMATE  OF  THE  MECHANICAL  AND 

CHEMICAL  THEORIES. 

The  two  theories  equally  based  upon  assumptions. — Mechanica  theory 
explains  the  protrusion  of  lava — but  does  not  explain  the  position  of  vol* 
canos  or  other  circumstances  connected  with  them— such  as  the  steam 
and  gases  evolved — the  upheaving  force,  &c.«— Theory  modified  by  sup- 
posing water  to  take  part  in  the  operations — gases  evolved  not  explained 
by  this  addition — hence  combustion  of  some  kind  must  be  inferred — that 
of  the  metals  of  the  earths  and  alkalies  most  readily  explains  the  phte- 
noroena.  Objections  answered — this  view  explains  the  long  continu- 
ance of  the  action  exerted — mean  density  of  the  earth  shown  to  be  no 
objection  to  it. 

Having  now  discussed  in  succession  the  different  phseno- 
mena  found  to  accompany  volcanic  action  in  its  various 
phases  of  intensity,  I  have,  it  is  presumed,  placed  my  readers 
in  a  position  to  estimate  the  relative  probability  of  the  two 
modes  of  explaining  its  existence,  which  have  been  briefly  put 
forward  in  a  preceding  chapter  of  this  work. 

I  repeat,  the  relative  probability  of  the  two  5  for  after  all, 
there  will  be  few  so  far  wedded  to  either,  as  not  to  contem- 
plate the  possibility  of  new  volcanic  phsenomena  being  brought 
to  light,  of  fresh  facts  and  principles  in  chemistry  becoming  re- 
cognized, which  may  give  a  preference  to  some  third  explana- 
tion entirely  different  from  either  of  the  foregoing,  seeing  that 
one  of  those  conditions  laid  down  by  Lord  Bacon  as  requisite 
to  guarantee  our  belief  in  a  theory,  namely  that  the  cause 
assigned  should  be  ascertained  to  have  a  real  existence,  can  be 
predicated  neither  of  the  one  nor  of  the  other. 

Thus  much  I  believe  will  be  allowed  by  the  warmest  sup- 
porters of  the  mechanical  theory;  or  if  there  be  any  who 
maintain,  that  the  existence  of  internal  fluidity  is  something 
more  than  an  hypothesis  by  reason  of  the  external  figure  of 
the  earth,  which  implies  that  there  was  once  a  free  movement 
in  its  now  solid  contents,  those  persons  may  be  reminded^ 
that  the  high  temperature  which  their  supposition  involves 
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would  necessarily  place  the  elements  of  bodies  in  that  verj- 
condition,  in  nhich  the  chemical  theory  assumes  that  some 
portion  of  them  exists  at  present ; — I  mean,  would  keep  them 
aloof  from  those  chemical  combinations  which  they  have 
now  such  a  tendency  to  form.  So  far  therefore  as  a-priori 
reasoning  goes,  the  two  hypotheses  appewto  start  upon  even 
grounds,  and  the  question  really  at  issue  stated  in  its  broadest 
terms  seems  to  be  simply  this — whether  the  pha.-nomena  of 
volcanoa  are  such  ai  imply  a  process  of  oxygenation  or  not :  if 
they  do,  then  our  acquaintance  with  bodies,  which  are  kindled 
by  the  mere  contact  of  water,  enables  us  to  explain  the 
manner  in  which  the  process  may  originate,  its  continuance 
becoming  a  question  for  subsequent  consideration ;  whilst  if 
the  plta^aomena  before  us  can  be  accounted  fur  merely  by 
assuming  the  presence  in  the  interior  of  the  globe  of  a  mass 
of  matter  in  a  state  of  liquidity,  we  should  perhaps  be  scarcely 
disposed  to  look  further  for  a  solution  of  them. 

Now  the  progressive  refrigeration  of  a  ball  of  melted  matter 
proceeding  from  the  circumferenec  towards  the  centre,  might 
doubtless  produce  something  like  an  imitation  of  one  volcanic 
pfasnomenon,  namely  the  oocnsioiial  emission  of  lava-cur- 
renta,  since  the  contrnction  of  the  crust  upon  its  internal  con- 
tents would  squeeze  out  from  time  to  time,  at  the  points  of 
lenst  resistance,  a  jiortion  of  the  liquid  proiiortiouatc  to  the 
gradual  diminution  tnlciii<;  place  in  its  own  capacity. 

Elic  de  Bcamnnnt  in  France,  Dana  in  America*,  Sir  II, 
Ue  la  Beche  in  England,  and  many  other  geologists,  have  ap- 
pealed to  this  same  contraction  of  the  crust  as  the  cause  of 
the  direction  and  origin  of  mountain  chains,  regarding  them 
aa  corrugations  of  the  surface  caused  by  an  in-cgular  action 
in  the  force  culled  into  being  by  the  secular  refrigeration  of 
our  globe. 

I  may  refer  to  Mr.  Dana's  Essays  on  this  subject  as  well- 
worthy  of  pcniBul,  and  will  admit,  that  the  intermittent  clia- 
racter  of  volcanic  action,  its  long  eoiitinuancu  without  be- 
coming exhausted,  and  even  its  occurrence  on  the  coasts, 
thuse  being  the  lini'S  ofluabt  resistance,  may  reccl\e  iVoin  this 
assumed  principli;  a  sululion  nioiv  or  less  i»Iausib!c. 

•  tu'oloyiciU  Ucsiilts  uf  Ihc  l£urth's  Cuiilractiuii,  Aiucriomi  Juiirnal  of 
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But  on  the  other  hand,  it  does  not  appear  to  me  to  explain 
why  Volcanos  should  break  out  in  the  middle  of  the  sea,  where 
the  pressure  must  be  greater  than  it  is  on  continents,  inter- 
sected as  the  latter  are  with  caverns  and  fissures;  why  it 
should  take  place  on  certain  lines  of  coast  only,  and  not 
generally  wherever  there  be  low  land ;  and  why,  fed  as  they 
would  be  by  an  inexhaustible  fountain  of  melted  matter,  they 
should  ever  become  extinguished,  or,  at  least,  continue  dor«i 
mant  for  so  very  extended  a  period,  as  to  convey  to  us  that 
impression. 

Neither  does  this  hypothesis  explain  the  differences  that 
exist  between  the  products  of  distinct,  though  often  con* 
tiguous  volcanos — of  Etna  for  instance  and  Lipari ;  .of  Monte 
Somma  and  Vesuvius — since  these,  if  derived  from  the  same 
internal  source  of  liquefied  matter,  ought,  as  it  should  seem, 
to  be  uniform  in  their  composition  and  structure. 

In  conceding  therefore,  that  the  conditions  of  this  hypothesis 
permit  us  to  explain  this  one  phsenomenon,  my  readers  may 
perhaps  conceive  that  I  have  gone  further  than  I  was  strictly 
warranted  in  doing ;  whilst  with  regard  to  others  more  cha* 
racteristic  and  more  essential  than  even  the  emission  of  lava^ 
they  will  be  lefl  by  it  altogether  in  the  dark. 

In  what  manner,  for  example,  will  the  admission  of  Cor*' 
dier's  theory  enable  us  to  account,  either  for  the  evolution  of 
steam  and  of  the  various  gases  which  we  have  seen  to  be  con-! 
stantly  present,  or  for  those  consequences  of  the  confinement 
of  such  elastic  fluids  in  the  interior  of  the  earth,  which  manifest 
themselves  in  the  explosions  that  accompany  an  eruption,  or 
in  the  upheaval  of  rocks  and  the  production  of  earthquakes 
which  are  referred  to  their  operations?  Nor  can  we  be  con* 
sidered  guilty  of  any  gratuitous  assumption  in  thus  attributing 
them ;  for  although  the  elevatory  effects  of  volcanic  action 
have  been  by  some  ascribed  merely  to  the  hydrostatic  pres- 
sure of  a  mass  of  lava,  which  had  been  forced  up  to  the  sum* 
mit  of  the  crater,  yet  it  is  plain,  that  to  have  brought  it  into 
such  a  position  in  defiance  of  gravity,  some  powerfully  acting 
force  must  have  been  concerned ;  and  what  force  at  <^ce  so 
probable  in  itself,  and  so  adequate  to  the  effect  brought  about, 
can  be  suggested,  as  the  evolution  of  a  great  body  of  elastic 
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vapour,  the  existence  of  which  moreover  we  seem  Mmpcllcd 
from  many  other  con  si  derations  to  admit*? 

Aware  perhaps  of  the  difficultiea  that  suggest  themselves 
to  Cordier's  theory  in  the  simple  form  in  which  it  has  been 
above  enunciated,  many  who  arc  held  to  Bupport  his  views 
call  into  play  another  principle,  namely  water,  which  accord- 
ing to  them  makes  ita  way  to  depths  where  the  earth  is  sup- 
posed to  maintain  a  temperature  sufficiently  exalted  for  their 
purpose,  and  is  thus  converted  into  steam,  which  series  by 
its  clastic  force  to  eject  the  various  heated  matters  that  issue 
from  the  oritice. 

It  must  be  confessed,  tliat  such  an  addition  to  the  theory 
supplies  us  with  an  explanation  of  much  which  the  former 
vicwof  it  had  overlooked,  especially  the  power  which  volcanos 
exert  in  upheaving  rocks,  and  in  general  the  expansive  force 
which  constitutes  one  of  tlie  most  striking  featui-es  connected 
with  their  manifestations.  Tet  even  here,  unless  we  suppose 
some  kind  of  combustion  to  take  place,  we  are  left  in  the  dark 
with  regard  to  the  evolution  of  sulphurous  acid  and  of  nitro- 
gen gases;  and  without  assuming  the  existence  of  some  prin- 
ciple or  other  capable  of  decomposing,  as  well  as  converting 
into  vapour,  the  water  that  finds  admission,  we  shall  be  at  a 
loss  to  account  fur  that  steady  and  copious  evohition  of  hydro- 
gen cither  pure,  or  in  combination  ^litli  sulphur,  which  has 
been  already  noticed. 

It  may  indeed  be  said,  that  sulphiu'ous  acid  would  arise 
from  the  spontaneous  union  of  sulphur  \iitli  oxygen  at  the 
high  temperature  to  which  it  would  be  subjected,  if  it  existed 
so  deep  within  the  bowels  of  the  earth;  and  that  several  of 
the  common  metals,  esjieciaily  iron,  are  capable  of  dccom- 
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posing  water  and  combining  with  the  oxygen  of  the  atmo- 
sphere when  subjected  to  the  same  heat ;  whence  would  re- 
sult an  evolution^  both  of  sulphuretted  hydrogen^  and  of  the 
residuary  nitrogen  derived  from  the  atmospheric  air  admitted. 

But  when  the  naturalist  is  once  brought  to  allow,  that  com- 
bustion  of  some  kind  or  other  makes  a  part  of  the  volcanic 
process,  he  will  necessarily  look  to  the  products  of  the  latter, 
in  order  to  inform  himself  what  the  materials  may  have  been 
which  have  brought  about  the  phaenomena. 

Now  we  have  already  seen,  that  the  substances  ejected  from 
the  crater  of  a  volcano  usually  consist,  in  the  largest  propor- 
tion of  silex,  next  of  alumina,  then  of  oxide  of  iron,  then  of 
lime,  and  lastly  of  soda  or  potass. 

That  the  elements  of  these  bodies  must,  some  of  them  at 
least,  have  absorbed  oxygen  from  the  atmosphere,  during  the 
process  by  which  their  fusion  was  effected,  seems  to  follow, 
from  the  nitrogen  disengaged  from  thermal  waters — perhaps 
also  from  the  ammoniacal  salts  which  proceed  from  volcanos ; 
and  if  we  are  thus  brought  to  admit,  that  a  metal  so  oxidizable 
as  iron  can  exist  in  its  metallic  state  at  these  depths,  what  is  to 
hinder  us  from  going  one  step  further,  and  applying  the  same 
supposition  to  the  bases  of  the  earths  and  aUcalies^  so  as  by 
these  means  to  obtain  a  readier  solution  of  the  energetic  cha- 
racter which  we  should  be  apt  to  ascribe  to  processes  capable 
of  producing  the  effects  witnessed  ? 

It  has  indeed  been  alleged,  that  the  two  principal  consti- 
tuents of  lava,  namely  the  bases  of  silica  and  of  alumina,  are 
not  highly  inflammable.  Silicon,  when  perfectly  pure,  resists 
a  white  heat  without  uniting  with  oxygen,  and  aluminium  may 
be  boiled  in  water  without  decomposing  it. 

But  in  the  first  place  it  is  rare  to  meet  with  these  oxides^ 
unaccompanied  with  lime  or  with  an  alkali :  and  the  bases  of 
the  former  we  must  believe  from  Davy's  experiments  to  be 
highly  inflammable;  the  latter  we  know  to  be  so. 

Secondly,  silicon  kindles  readily  if  united  with  a  little  hy- 
drogen or  with  carbonate  of  soda ;  and  every  chemist  knows 
that  aluminium  burns  with  brilliancy  when  heated  to  redness 
with  oxygen,  and  that  it  dissolves  with  the  evolution  of  hydro- 
gen in  very  dilute  solutions  of  potass. 

There  is  therefore  no  difficulty  in  imagining  the  combustion 
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to  be  kept  up  by  mc»n»  of  the  silicon  and  ftluminiiim,  when 
once  it  has  been  commenced  by  the  action  of  water  upon  the 
potassium,  aodium,  or  calcium  present. 

It  has  been  objected  that  hydrogen  gas  is  never  emitted 
from  the  spiracles  of  any  volcaoo,  as  ouf*ht  to  hap|>en  perpe- 
tually and  in  enormous  quantities,  if  the  combustion  were 
kept  up  by  the  decomposition  of  water.  But  considering  the 
difficulty  of  approaching  the  focus  of  a  volcano  whilst  in  a 
state  of  vigorous  action,  the  fact  cannot  perhaps  be  with  any 
confidence  asserted,  especially  nfter  the  observations  of  Pro- 
fessor Pilla  already  adverted  to. 

One  thing  at  least  is  clear,  namely,  that  inasmuch  as  hy- 
drogen combined  with  sulphur  is  so  constant  a  concomitant 
of  languid  volcanic  action,  it  can  hardly  be  absent  in  some 
form  or  other  during  a  more  intense  condition  of  activity,  aad 
that  if  the  quantity  of  sulphur  accumulated  by  certain  voleanoa 
affords  any  index  of  the  volume  of  hydrogen  disengaged,  the 
amount  of  the  latter  may  have  borne  some  proportion  to  the 
magnitude  of  the  operations  supposed  to  be  connected  with 
its  evolution. 

Boussingault"'  enlculates  thnt  a  single  mineral  spring  in 
New  Grenada  gives  out  in  twenty-four  hours  3SjBU  kilo- 
grams of  sulphuretted  hydrogen,  and  31,654  of  muriatic  acid, 
an  amount,  as  it  should  seem,  far  greater  than  can  be  account- 
ed fur  by  any  superlicial  processes  of  a  secondary  kind  that 
might  have  supervenedt- 
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or  CO   1     e  1    I    c  b  1     I        tl       the  I  o  vels  of  the  earth. 

Had  the  combustion  been  of  such  a  nature  as  to  give  rise 
only  to  some  gaseous  product,  such  as  carbonic  acid,  the  com- 

*  Ann.  tif  Cheiiik-,  Mny  lS3r. 

^  'I'll!'  Bulplmr  aiuiually  yitldcJ  by  the  niiiios  of  Sicily  varies  fram  about 
260,(100  to  300,0(10  ovt..  and  lias  surai'tLmca  nmhod  400,000  cwl.  iHoff- 
inanii,  p.  US),  rioni  ivhich  5onu>  idea  may  bi;  formed  of  tlic  enormous 
nijiipiiiit  of  liyilnj!.'<ii  wlikh  niust  have  been  evolved  from  the  carlh  to  pro- 
duce the  ™tiie  drpo^^it. 
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bastion  would  soon  have  been  suspended^  or  at  least  checked^ 
by  the  predominance  of  a  principle  so  destructive  to  flame^ 
as  we  find  to  be  the  case  in  coal^'mines  that  have  caught  fire. 
Nor  would  the  result  have  been  difierent^  if  sulphur,  or  even 
phosphorus,  had  been  the  sole  materials  by  which  the  com- 
bustion was  maintained,  for  in  either  case  an  atmosphere 
would  have  been  produced,  in  which  the  further  oxidation  of 
those  bodies  could  not  have  proceeded.  But  supposing  the 
substances  inflamed  to  be  metals,  which  form  with  oxygen  a 
fixed  product,  and  disengage  from  water  an  inflammable  prin- 
ciple, as  in  the  case  assumed,  there  can  be  no  reason  why  the 
combustion  should  not  continue  for  ages  with  unabated  vigour^ 
as  happens  in  many  volcanos. 

An  objection  against  this  hypothesis  has  also  been  some* 
times  deduced  firom  the  mean  density  of  the  earth,  which  is 
calculated  at  five  times  that  of  water ;  and  hence  it  has  been 
concluded  that  bodies  so  light  as  potassium  and  sodium  can 
make  no  part  of  its  nucleus. 

But  in  the  first  place  it  is  impossible  to  pronounce  what 
influence  the  force  of  gravity  may  have  had  in  determining 
towards  the  centre  a  larger  proportion  of  the  heavier  prin- 
ciples, if  there  ever  were  a  time,  as  the  advocates  of  the  oppo- 
site hypothesis  maintain,  when  the  globe  was  in  a  state  of 
fusion^  for  at  this  temperature,  as  we  have  seen,  chemical 
afiinity  would  be  overpowered  by  the  antagonist  force  of  heat. 
For  my  own  part,  I  am  quite  unwilling  to  dogmatize  as  to 
what  might  happen  under  such  novel  circumstances,  but  may 
observe,  that  setting  aside  all  considerations  of  this  natiu^, 
we  are  not  obliged  to  imagine  a  larger  proportion  of  these 
alkaline  bases  to  be  present,  than  would  be  implied  by  the 
composition  of  the  lava  emitted,  and  probably  we  shall  find 
not  more  than  four  or  five  per  cent,  of  potass  or  soda  present 
in  the  average  of  volcanic  productions. 

On  the  other  hand,  the  specific  gravity  of  the  basis  of  silica, 
and  probably  also  of  that  of  the  other  earths  which  predomi- 
nate  in  lava,  is  sufficientiy  considerable  to  warrant  the  con- 
clusion, that  a  mass  of  matter  containing  these  principles  in 
the  proportions  indicated,  and  united  with  as  much  metallic 
iron,  as  we  know  to  exist  in  the  state  of  an  oxide  in  the  gene- 
raUty  of  lavas,  would  form  an  aggregate  possessing  a  specific 
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gravity  only  leas  by  one-fourth  than  that  of  the  compound 
resulting  from  the  oxidation  of  the  entire  mass. 

Let  UB  take,  for  instance,  the  analysis  given  by  Dr.  Kennedy 
of  the  lava  from  Etna,  100  grains  of  nhich  he  states  to  consist 
of: —  gr.  gT. 

Silica 63  sp.  gr.  a-fi5  =  in  bulk  19-6  of  water. 

Aiumina 19      ,.      4-30  =  ia  bulk    4'E         „ 

lime  10      .,      3-00  =  in  bulk    33         „ 

Oxide  of  Iron...     15      „      5-00  =  in  bulk    30 
Soda  _4     „     2'00  =  mbu!k^ 

100  32-4 

We  here  find  that  100  grains  of  this  lava  are  equal  in  bulk 
to  32-4  of  water,  and  conseqncntly  that  its  specific  gravity 
would  be  no  more  than  3"08,  euppoaing  it  divested  of  water. 
Now  let  us  contrast  this  with  the  specific  gravity  of  the  rae- 
talljc  principles  ivhich  would  give  rise  to  a  mineral  possessing 
the  above  chemical  composition : — 

Silica 52  contain  of  bofle  26  sp.  gr.  20  =  in  bulk  13'00  of  water. 

Aiumioa 19      „  „        10       „      30  =  in  bulk    S'OO       „ 

Lime  10     ,.  „        7       „      40=  in  built    1'7b 

Oiideof  Iron  IB      „  „        13        „      7  8  =  in  bulk    1*53        „ 

Soda  _1      "  ••       ^        ••      '■'*  =  ■"  '"*"'    3-00       „ 

100  68  24-28 

Now  as  58  grains  ofthese  bases  in  the  above  proportions  would 
be  equal  in  bulk  to  2 1-2S  grains  of  water,  their  specific  gr.ivity 
would  be  2'3S.  The  specific  gravity  of  aluminium  appears 
not  to  be  ascertained,  but  probably  it  is  not  inferior  to  that  of 
silicon,  which  sinks  in  the  strongest  sulphuric  acid,  and  there- 
fore is  more  than  1-S3. 

The  theorj-  therefore  I  have  been  advocating  leaves  the 
question,  with  respect  tu  the  earth's  density,  just  on  the  same 
footing  as  before.  Those  who  are  of  opinion  that  the  latter 
may  be  expluiiiud  by  the  mere  condensation  of  rocks  of  the 
same  kind  as  those  found  near  the  surface  in  consequence  of 
the  superincumbent  weight,  as  certain  metals  may  be  rendered 
heavier  Ijv  pressure,  are  entitled  to  extend  this  explanation  to 
the  case  of  the  alkaline  and  earthy  bases;  wlulst  those  who 
rcj^ard  the  density  of  the  earth  n^  a  proof  that  some  heavier 
matter  must  exisl  beneath,  are  not  precluded  from  such  a 
sniipoJiilion,  as  mir  theory   impliLS  merely  llie  existence   of 
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such  a  quantity  of  metallic  ingredients  as  would  be  sufficient 
with  oxygen  to  produce  the  materials  ejected,  leaving  the 
constitution  of  the  remainder  just  as  open  to  conjecture  as 
it  was  before. 

It  is  curious  indeed,  that  whilst  some  argue,  that  the  kind 
of  matter  found  near  the  surface  is  generally  of  too  light  a 
description  to  account  for  the  density  attributed  to  the  earth 
as  a  whole ;  others,  as  the  late  distinguished  Professor  Leslie, 
have  contended,  that  these  substances  would  have  their  spe- 
cific gravity  so  much  increased  by  the  enormous  pressure, 
that  void  internal  spaces  must  necessarily  be  supposed. 

On  this  he  founded  his  singular  hypothesis,  that  the  centre 
of  the  earth  is  filled  only  with  light,  the  rarest  body  known ; 
an  idea,  the  mere  mention  of  which  is  sufiicient  to  show, 
how  little  we  can  be  justified  in  rejecting  an  explanation  of 
facts,  merely  because  it  appears  to  militate  against  the  con- 
jectures that  may  be  conjured  up  with  regard  to  the  internal 
condition  of  our  planet. 

Dismissing  therefore  this  objection,  and  leaving  my  readers 
at  full  liberty  to  form  their  own  conjectures  with  respect  to 
the  internal  state  of  the  globe ; — granting  even  to  such  as 
contend  for  it,  that  an  internal  Quid  mass  might  give  rise  to 
some  of  the  phaenomena  of  volcanos ; — it  is  conceived  never- 
theless that  if  the  opposite  theory  can  explain  other  efiects 
which  the  above  leaves  untouched,  in  addition  to  those  which 
it  elucidates,  we  are  bound  by  every  rule  of  sound  reasoning 
to  concede  to  it  the  preference. 

I  shall  proceed  then  in  the  next  chapter  to  exhibit  to  my 
readers  the  Chemical  Theory  of  Volcanos  in  a  more  definite 
and  tangible  form  than  I  have  hitherto  done,  in  order  to  enable 
them  to  test  its  validity,  by  examining  how  it  applies  to  the 
various  phaenomena  which  present  themselves  in  succession 
during  the  various  phases  of  volcanic  action. 


CHAPTER  XXXIX. 
STATEMENT  OF  THE  CHEMICAL  THEORY  OF  VOLCANOS. 

Primordial  condition  of  the  globe  nebular — sinking  of  teniiwniture  down 
to  the  point  at  which  the  ilenter  bodies  become  liquid — further  sLuk- 
iDg  to  the  point  at  which  chemicsi  action  commenced — water  and 
muriatic  acid  first  formed — action  of  these  bodies  upon  the  nietaU  fonn- 
Ing  the  crust  of  the  globe — contraction  of  the  crust  from  cooling — ad- 
mission  of  water  to  the  interior  of  the  earth  h  natural  consequence  of 
this  contraction — formalion  of  volcanic  products  arising  out  of  this — 
muriatic  acid — sulphuretted  hydrogen  and  other  gases  evolved — the 
whole  of  the  hydrogen  not  emitted  from  the  crater. — Formation  of 
aramonia~of  carbonic  acid— disengagement  of  nitrogen  explained. — 
Heat  diffused  through  the  crust  in  consequeace  of  the  chemical  actions 

Concluding  remarks. — Degree  of  probability  attributed  to  the  diSereot 
points  which  the  Chemical  Theory  embrocca. — Reasons  for  putting  it 
forward  more  promiuentljr  than  its  Intrinsic  probabilitf  may  awa  to 

I  PLACE  but  little  confidence  in  those  systems  of  cosmogony 
which  profess  to  explain  the  various  changes  which  our  planet 
has  undergone,  from  the  first  moment  at  which  its  materials 

were  launched  into  space,  down  to  the  jircacnt  advanced  stage 
of  its  existence. 

Such  ])icturcs  of  nature  have  to  me  rather  the  aspect  of  a 
philosophical  romance,  than  of  a  series  of  sober  deductions 
from  ascertained  facts  ;  and  If  advanced  witli  any  higher  pre- 
tensions than  as  one  of  many  possible  modes  in  which  certain 
natural  forces  may  have  operated,  lay  the  theorist  open  to 
the  charge  of  presumption,  and  shake  the  coulidence  of  his 
renders  in  his  authority  on  other  piiinta. 

Nevertheless  it  may  nut  be  amiss  to  sliow,  tliat  the  chemical 
view  I  have  taken  of  volcanic  phenomena  does  not  shrink 
from  llie  test  to  whicti  (he  opposite  one  has  been  sulyccted — 
tliat  like  the  latter,  il  may  be  made  the  Ibundalion  of  a  theory 
of  the  earth,  subject  to  no  greater  uncertainties  than  those  to 
whicli  all  such  tlieurics  are  from  the  nature  of  the  case  liable 
—and   that  volcanic  action  may  not  only  be  represented   in 
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general  terms^  as  a  proceBS  of  internal  oxidation,  conducted 
by  the  agency  of  air  and  water  upon  the  constituents  of  the 
globe,  but  may  be  referred  in  all  its  details  and  consequences 
to  this  same  agency, — at  least  without  any  flagrant  violation 
of  the  principles  which  the  theory  sets  out  by  assuming. 

Let  us  then  take  up  the  subject  at  the  point  which  cosmo- 
gonists  of  the  opposite  school  are  agreed  in  picturing  to  us 
as  the  primordial  condition  of  our  planet — that  in  which  its 
constituents,  from  the  high  temperature  they  possessed,  were 
in  a  nebular  condition,  prevented  only  by  the  never^failing 
force  of  gravity  from  being  dissipated  through  space. 

Under  such  circumstances,  all  the  elements  of  matter  would 
remain  in  a  state  of  chemical  indifference,  and  the  law  of 
gaseous  difiusion  would  occasion  their  intimate  intermixture 
without  any  union  resulting. 

Let  US  next  suppose  a  diminution  of  temperature  in  the 
course  of  ages  to  arise,  which  should  bring  down  the  least 
volatilizable  of  these  bodies  to  a  state  at  least  of  liquidity,  and 
there  may  then  be  conceived  a  certain  segregation  of  the  ele- 
ments, such  as  should  cause  the  heaviest  of  them  to  accumu- 
late in  a  greater  degree  in  proximity  to  the  centre  of  the  mass. 

Thus,  iron  and  some  of  the  more  ponderous  metals  might 
constitute  the  larger  proportion  of  the  internal  parts  of  the 
earth,  the  metals  of  lime  and  magnesia  might  occupy  a  some- 
what higher  zone,  whilst  those  of  the  alkalies  arranged  them- 
selves above ;  the  whole  of  course  enveloped  in  an  atmosphere 
consisting  not  only  of  its  present  constituents,  but  also  of 
hydrogen  and  chlorine,  incapable  as  yet,  from  the  still  exalted 
temperature  belonging  to  them,  of  entering  into  combination 
with  the  bodies  for  which  they  have  an  affinity. 

But  let  us  imagine  a  further  reduction  of  temperature  suf- 
ficient to  allow  these  elements  to  exert  their  affinities,  and  it  is 
evident  that  by  the  union  of  hydrogen  both  with  oxygen  and 
with  chlorine,  a  sea  would  at  length  be  created,  strongly  im- 
pregnated with  muriatic  acid. 

Now  this  water  acting  upon  the  metallic  constituents  of 
the  superficial  coats  of  the  earth,  would  generate  the  alkalies 
and  earths,  as  well  as  give  rise  to  combinations  between  the 
same  bases  and  the  chlorine  present  in  the  muriatic  acid 
which  it  held  in  solution. 
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Hydrogen  would  of  course  be  disengaged  by  both  these 
processes,  but  no  ultimate  diminution  in  the  amount  of  the 
aea  need  resuh,  because  whatever  hydrogen  was  at  first  libe- 
rated would  speedily  re  com  bine  with  oxygen. 

Thus  we  should  have  a  zone  of  salt  wat«r  interposed  be- 
tween the  atmosphere  and  the  solid  matter  of  the  globe, 
whilst  the  latter  would  consist  of  a  crust  of  alkaline  and 
earthy  materials  enveloping  an  unoxidized  nucleus. 

If  we  suppose  this  crust  to  contain  an  excess  of  silica  be- 
yond what  could  combine  with  the  alumina  and  alkalies  pre- 
sent, a  material  like  granite  might  result  from  the  intermixture 
of  felspar  and  mica  with  quartz  or  uncomhined  siUca. 

I  have  now  brought  the  earth  down  to  that  condition  in 
which  cosmogonists  of  a  difTereut  school  suppose  it  to  have 
subsisted,  when  through  contractions  in  its  cooling  crust] 
inequalities  of  surface  would  begin  to  take  place,  and  tho 
"waters  be  divided /rom  Ihe  waters,"  by  the  formation  of  hol- 
lows or  depressions,  into  which  the  seas  might  subside.  This 
would  take  place  equally  according  to  the  view  I  have  formed 
of  the  subject,  and  would  give  rise  to  similar  consequences. 

Thus  the  contraction  would  tend  to  produce  cracks,  through 
which  the  sea-water  might  find  itswaydown  to  the  internal  por- 
tions of  the  globe ;  chemical  actions  would  thus  he  renewed, 
and  fresh  volumes  both  of  &team  and  of  hydrogen  disengaged. 

The  latter  iiciwe^Tr  would  no  longer  be  able  to  fintl  a  ready 
vent  upwards,  and  in  consequence  would  rend  and  fracture 
the  crust  iu  various  directions;  or  when  in  the  neighbour- 
hood of  rocks  softened,  though  not  melted,  by  the  internal 
heat,  wouid  swell  them  out,  and  form  vast  hollows  or  caverns 
which  they  would  at  first  distend. 

The  pressure  outwards  would  prevent  any  more  water 
from  finding  its  way  into  the  interior,  and  thus  for  the  time 
[lut  a  stop  to  the  action  ;  but  no  sooner  did  the  heat  diminish, 
than  the  gases  contained  in  the  caverns  must  contract  iu  vo- 
lume and  become  condensed,  thus  creating  a  partial  vacuum, 
which  would  he  supplied  by  water  when  the  communication 
was  with  the  sea,  and  by  atmospheric  air  when  it  was  in 
connexion  with  the  land. 

No  su])p(isition  would  Eccin  more  natural,  though  some 
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have  made  it  a  ground  of  objection^  than  this  occurrence  of  a 
pressure  •utwards  alternating  with  one  in  the  contrary  direc- 
tion, according  as  gaseous  matter  was  generated  by  the  vol- 
canic processes,  or  condensed  by  the  cooling  of  the  cavities 
that  contained  it. 

I  may  fortify  these  conclusions  by  the  authority  of  Sir 
Humphry  Davy,  who,  in  a  memoir  **  on  the  Phaenomena  of 
Volcanos,^^  published  in  the  Philosophical  Transactions  for 
1828,  remarks,  that  there  is  every  reason  to  suppose  in  Vesu- 
vius the  existence  of  a  descending  current  of  air ;  that  the 
subterranean  thunder  heard  at  such  distances  underneath  the 
mountain  is  almost  a  demonstration  of  the  existence  of  cavi* 
ties  below,  filled  with  aeriform  matter ;  and  that  the  same 
excavations,  which  in  the  active  state  of  the  volcano  throw 
out  during  so  great  a  length  of  time  immense  volumes  of 
steam,  must,  there  is  every  reason  to  believe,  in  its  quiet  state 
become  filled  with  atmospheric  air. 

Hence  perhaps  we  may  explain  a  phaenomenon  that  has 
been  noticed  during  the  continuance  of  an  eruption,  namely 
that  of  the  air  being  heard  to  rush  through  the  various  spi- 
racles of  the  mountain  with  a  loud,  and  as  it  is  represented, 
an  almost  musical  sound. 

In  this  manner  then  a  communication  would  be  kept  up 
between  the  interior  of  the  earth  and  the  atmosphere,  and 
both  air  and  water  would  gradually  find  their  way  to  greater 
and  greater  depths  in  proportion  as  the  crust  continued  more 
and  more  to  contract. 

At  length  access  would  be  obtained  to  that  lower  zone  in 
which  the  heavier  elements,  such  as  calcium,  magnesium, 
iron,  manganese,  remained  unoxidized,  and  new  products 
would  consequently  be  formed,  which  becoming  melted  along 
with  the  more  superficial  granite,  would  give  rise  to  combi- 
nations of  silex  with  lime,  magnesia  and  the  other  oxides,  and 
in  consequence  to  the  substitution  of  labradorite  for  ortho- 
clase,  and  of  augite  for  quartz.  Hence  volcanic  products, 
such  as  greenstones,  basalts,  or  trachytes,  would  take  the  place 
of  those  granitic  ones,  which  had  been  the  first  results  of  the 
action  of  oxygen  upon  the  solid  constituents  of  the  globe. 

The  gases  given  out  under  such  circumstances  will  be  found 
to  tally  exactly  with  those  which  proceed  from  volcanos. 
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When  steam  is  passed  over  a  mixture  of  common  Bait 
hilica  or  atumtnn  exposed  to  a  higU  temperature,  water  is 
com[)08cd,  its  hydrogen  goiug  to  the  chlorine,  and  its  oxygea 
to  the  ulkaline  basis,  nhilst  the  alkali  produced  uuites  nith 
the  earth,  and  muriatic  acid  is  disengaged. 

The  same  process  taking  place  in  the  interior  of  the  earth 
may  account  for  the  large  volumes  of  muriatic  acid  emitted 
from  all  volcanos  whilst  in  a  state  of  vigorous  action,  alka- 
line silicates  being  the  probable  results. 

Owing  to  the  copious  decomposition  of  water  in  the  iote- 
rior  of  the  cjirth,  hydrogen  ought  to  be  liberated,  but  it  canoot 
be  expected  to  make  its  appearance  on  the  surface  ia  a  state 
of  purity,  unless  it  should  happen  that  neither  sulphur,  nor 
aay  other  combustible  for  which  it  iias  an  affinity,  was  pre- 
sented to  it. 

Yet  wc  have  seen  it  stated  that  this  gas  does  so  appear 
fit  Vesuvius ;  and  supposing  the  quantity  of  sulphuretted  hy- 
drogen disengaged  in  other  instances  be  too  great,  as  I  believe 
it  is,  to  admit  of  being  referred  to  the  decomposition  of  sul- 
phates by  organic  matter,  we  obtain  just  as  conclusive  evi- 
dence in  favour  of  our  hypothesis  from  its  presence,  as  though 
simple  hydrogen  had  been  the  product. 

If  indeed  it  be  true,  as  my  own  observations  at  the  Solfa- 
fara  and  elsewhere,  (tnd  the  concurrent  testimony  of  the  best 
aulhorities  tend  tu  establish,  that  the  sulphur  accumulated  in 
volcanic  distriets  is  derived  from  sulphurcttLd  hydrogen,  de- 
composed into  puljihiiric  acid,  '.u!]ihui  an<l  water,  by  the 
catalytic  action  which  Dumas  his  so  in^Lniously  pointed  out, 
it  would  indeed  be  reasoning  ni  a  cjiclc  to  attribute,  first 
such  deposits  of  sulphur  as  those  ni  Sicily  to  sulphuretted 
hydroiien,  and  aj-ain  the  sulphuretted  hydrogen  to  the  de- 
composition of  sul]jhates  by  some  unknown  accumulations  of 
organic  matter  existing  near  thcni ;  rather  than  this  indeed  it 
woitld  he  better  at  once  (o  resort  to  the  hypothesis  of  Gim- 
bernat,  who  finding  some  Zooi/eiie  in  the  vapours  he  collected 
f       ll     f         olc     fVcsn  'u5*   '      l"      Itle   oIct  'c     t'o 
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itself  to  be  set  up  by  the  presence  of  organic  matter^  owing^ 
I  presume^  to  the  remains  of  some  Enceladus  of  ancient  fable 
putrefying  and  fermenting  beneath  the  fervid  mass. 

The  co-existence  of  sulphur  in  this  and  other  instances  with 
extensive  beds  of  sulphates^  as  well  as  the  copious  appearance 
of  free  sulphuric  acid  in  certain  volcanic  districts  now  active^ 
are  in  entire  accordance  with  the  opinion  as  to  its  origin^ 
which  I  have  above  expressed. 

We  must  not  however  imagine  that  the  quantity  of  hydro- 
gen which  reaches  the  surface  is  any  index  of  the  amount  of 
oxygenation  brought  about  by  the  agency  of  water.  It  may 
easily  happen  that  the  same  fluid  acts  over  and  over  again 
as  a  carrier  of  oxgyen  to  these  bodies^  for  it  is  evident  that 
so  long  as  atmospheric  air  was  present,  the  disengaged  hy- 
drogen would  unite  with  oxygen  and  reproduce  water,  ready 
to  serve  over  again  in  the  process  of  oxygenation. 

We  know  too,  that  sulphurous  acid  and  sulphuretted  hy- 
drogen mutually  decompose  each  other,  forming  water  and  de- 
positing sulphur,  so  that  the  absence  of  either  of  these  com- 
pounds at  the  orifice  of  the  volcano  does  not  prove  that  it 
has  not  been  generated  within,  but  only  that  an  excess  of  the 
other  had  accompanied  its  production. 

There  is  another  possible  use  to  which  the  nascent  hydro- 
gen  may  be  appUed  in  the  interior  of  the  earth,  which  deserves 
a  mementos  notice,  as  though  conjectural,  it  does  not  want 
analogies  to  support  it. 

It  is  well  known  that  ammonia  cannot  be  formed  by  any 
artificial  process  directly  from  its  elements; — ^not  firom  the 
affinity  between  them  being  in  itself  feeble,  for  when  com- 
bined they  constitute  a  compound  of  considerable  stability ; 
but  from  the  elasticity  of  the  particles  of  both  bodies,  which 
is  such  as  to  place  them  beyond  the  sphere  of  their  mutual 
attraction. 

How  then,  it  may  be  asked,  do  we  account  for  the  first 
generation  of  ammonia,  without  which  plants  could  not  have 
obtained  those  nitrogenized  principles  which  constitute  the 
support  of  animal  existence  ? 

The  only  solution  of  this  problem  that  suggests  itself  to  my 
mind^  is  the  occurrence  in  the  interior  of  the  earth  of  great 
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pressure,  which,  as  in  the  case  of  oxygen  and  hydrogen,  may 
determine  the  combination  of  naacent  Jiydrogen  with  the 
nitrogen  of  the  atmosphere,  both  being  brought  into  mutual 
contiguity  by  the  influence  of  this  cause. 

It  is  possible  therefore  that  a  part  of  the  hydrogen  may  go 
towards  the  formation  of  ammonia,  which  in  comblnatioa 
*vith  muriatic  acid  often  finds  its  way  to  the  surface. 

The  carbonic  acid  which  at  the  present  time  is  so  freely 
evolved  from  volcanos  both  active  and  dormant,  may  with 
great  probability  be  referred  to  the  action  of  heat  upon  the 
carbonates  of  lime  and  magnesia,  and  is  connected  perhaps 
with  the  process  by  which  these  same  bodies  are  made  to 
unite  with  sile\,  so  as  to  produce  earthy  silicates  in  the  in- 
terior of  the  globe. 

But  whether  the  carbonic  acid  was  generated  from  carbon 
contained  as  an  original  ingredient  in  the  primary  strata,  or 
whether  it  existed  from  the  first  as  a  constituent  tif  the  atmo- 
sphere*, and  by  its  decomijoaition  supplied  the  carbon  now 
deposited  in  the  bowels  of  the  earth,  is  a  question  perhaps  as 
much  beyond  our  powers  of  solution,  as  whether  the  egg  pre- 
ceded the  hen,  or  the  ben  the  egg. 

All  we  can  pretend  to  say  is,  that  every  particle  of  carbon 
that  is  met  with  in  the  enrtli  may  be  conjectured  to  be  a  pro- 
duct of  organic  life,  ami  that  scarcely  any  imaginable  accu- 
mulation of  carbonic  acid  in  the  atmosphere  need  have  |)re- 
vented  the  process  of  oxygenation  from  going  on,  since  po- 
tassium at  a  high  temperature  decomposes  carbonic  acid  gas, 
and  water  may  be  slowly  generated  even  in  a  mixture  con- 
taining a  large  proportion  of  this  gas. 

If  it  existed  in  the  atmosphere  at  the  lime  when  calcium, 
magnesium,  potassium,  sodium,  &c.,  were  converted  into  their 
oxides,  it  would  naturally  become  iixed  by  llicni,  contributing 
to  form  their  respective  carbonates,  in  readiness  however  at 
some  distant  period  to  resume  its  gaseous  state,  as  the  wants 
of  the  future  organic  creation  required  it  for  its  food. 

Lastly,  when  the  action  became  slow  and  languid,  when 
water  percolated  slowly  to  the  internal  cavities  in  which  the 

•  Of  course  1  nlluile  to  tliat  pcriiid  when  the  beat  had  sunk  luw  enough 
to  ailmit  of  the  two  elements  beconiijig  cumbiiieJ. 
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still  unoxidized  principles  remained,  a  kind  of  smouldering 
combustion  might  be  still  kept  up  by  the  presence  of  atmo- 
spheric air,  the  result  of  which  would  be  a  disengagement  of 
nitrogen  along  with  the  water  heated  by  its  access  to  the 
source  of  heat ;  and  it  is  easy  to  conceive  that  a  kind  of  per- 
petual current  might  be  established,  the  cold  and  heavy  at- 
mospheric air  descending  through  one  set  of  cracks  or  fissures^ 
the  heated  residuary  nitrogen  ascending  by  another.  At  any 
rate,  the  constant  occurrence  of  a  larger  per-centage  of  nitro- 
gen in  the  air  that  rises  from  thermal  springs,  than  that  which 
exists  in  the  atmosphere,  has  always  appeared  to  me  a  most 
decisive  evidence  in  favour  of  the  continuance  of  internal 
oxygenation  up  to  the  present  time. 

In  some  such  way  then  we  may  conceive  the  action  of  a 
volcano  to  commence  and  to  be  kept  up ;  and  if  we  suppose 
the  processes  in  question  to  have  proceeded  on  a  scale  com- 
mensurate to  the  effects  attributed  to  them,  they  would  them- 
selves be  sufficient,  even  supposing  central  heat  to  be  dissi- 
pated, or  never  to  have  had  an  existence,  for  creating  through- 
out that  zone  of  the  earth  in  which  they  take  place,  a  tem- 
perature so  high  as  to  influence  all  the  parts  above  them,  and 
thus  to  give  rise  to  the  phaenomenon  of  the  increasing  heat 
of  the  globe  as  we  descend,  within  those  narrow  limits  at  least 
to  which  human  observation  has  extended. 

In  thus  advocating  the  Chemical  Theory  of  Volcanos,  I  am 
not  conscious  of  being  actuated  by  any  other  motive  than  the 
persuasion  I  have  long  entertained,  from  a  dispassionate  re- 
view of  the  phaenomena,  that  it  is  capable  of  giving  a  better 
explanation  of  their  occurrence  as  well  as  of  their  sequence 
than  any  other  that  has  yet  been  devised. 

The  illustrious  Chemist  who  first  suggested  it  might  indeed 
have  been  suspected  of  entertaining  a  sort  of  paternal  affec- 
tion for  an  hypothesis  founded  upon  the  most  brilliant  of  his 
own  discoveries ;  but  my  prepossessions  have  been  all  on  the 
other  side,  from  finding  the  theory  abandoned  afterwards  by 
its  own  parent,  and  at  the  same  time  opposed  by  so  many 
great  names  amongst  philosophers. 

Nevertheless  when  I  consider,  that  Sir  Humphry  Davy  him- 
self, at  the  very  time  when  he  announced  his  adhesion  to  the 
mechanical  theory,  admitted  that  the  chemical  one  was  com« 
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petont  to  explain  all  the  facta  connected  with  voIcrdob  with 
which  he  was  acquitiated*;  and  when  the  only  valid  re&iont 
which  Dr.  John  Davy  J  asBigns  tor  his  brother's  change  of 
opinion  is  the  absence  of  inflammable  gases,  which  we  have 
now  good  reason  for  believing  present  during  the  more  ener- 
getic ]>hases  of  action,  whilst  almoet  every  thermal  spring 
connected  with  a  volcanic  district  proves  them  to  be  emitted 
tluring  the  more  languid  ones  :  1  do  not  think  myself  called 
upon  to  relinquish  my  original  views,  even  in  deference  to  so 
great  an  authority. 

The  chemical  theory  however  has  since  been  assailed  by 
an  eminent  German  philosopher,  to  whom  we  are  indebted 
for  a  most  comprehensive  siirvey  of  the  laws  relating  to  the 
distribution  of  hent  through  the  interior  of  the  globe. 

The  objections  w  hich  he  first  propounded  were  answered 
by  myself  through  the  medium  of  the  'Edinburgh  Philoao- 
pbioal  Journal,'  No.  52,  and  I  believe  the  substance  both 
of  the  attack  and  defence  will  be  found  embodied  in  this  and 
the  preceding  chapter. 

Nevertheless,  as  the  Professor  alluded  to  has  since  returned 
to  the  charge,  by  honouring  my  remarks  with  a  notice  ia  a 
subsequent  part  of  the  publication  alluded  to,  under  the  title 
of  "  Additional  Reasons  against  the  Chemical  Theory  of  Vol- 
canos,"  I  will,  even  at  the  risk  of  incurrint^  the  charge  of 
reiK'lilion,  introduee  into  the  Appundix  of  this  vulunic  the 
rc])lic9  that,  as  it  Recnis  to  nic,  may  be  made  severally  to  the 
arguments  alleged  l>y  him  in  opposition  to  my  views. 

Lest  however  it  should  be  imagined  that  I  attach  an  undue 
weight  to  this  mode  of  rej>rcsenting  the  i»hrciionicna,  or  wiali 

'   Phil.  Tran».,  "  On  the  (Jhcinical  Phicnoinpna  nf  Vulcaun;." 

t  I  sny  the  only  roliil  n^ason,  bucausc  I  do  nut  think  Hit  presence  of 
bases  su  iLil1.imm;tlih>  n:  |>iitusiiuni,  sodium  and  calcium  iu  nn  incan- 
descent mass  iif  hiva,  ran  under  any  circumstaiici'S  Iil'  antici|iatcd  ;  and 
with  regard  to  iron,  it  i^i  mnnrLable  that  whnt  exists  in  lava  generally  is 
inagiictjc.  or  [lartly  in  tlic  state  of  a  protoxide,  whilst  in  granite  it  exists 
wliiilly  as  a  peroxide. 

May  nut  the  imrlkil  cliiinc:f  frum  [leroxiiie  to  |irolo\ide  he  brought  nhout 
by  ihJ  action  of  the  ludro^-"  iliicngng.d  ■  and  dues  not  the  presence  of 
[irutusiilo  of  iruii  nluiic  jiiuhr  the  esi^tcnce  oC  tlie  alkaline  awl  earthy 
ba^cs  in  lava  impu^sible  cxcrpt  saturated  with  o^ygcn  ; 

J   Life  of  Sir  H.  Davy,  vol.  ii.  p.  100. 
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to  do  more  than  advocate  it  as  the  most  plausible  account  of 
the  facts  before  us  that  can  at  present  be  offered^  I  will  in 
conclusion  extract  the  remarks  on  the  subject  which  I  made 
more  than  ten  years  ago  in  my  Report  on  Mineral  and  Thermal 
Waters^  undertaken  at  the  request  of  the  British  Association^ 
and  now  pubUshed  in  their  ^  Transactions*  ^— 

^^We  ought  carefully  to  distinguish  between  that  which 
appears  to  be  a  direct  inference  from  observed  faots^  and  what 
at  most  can  advance  no  higher  claim  than  that  of  being  a 
plausible  conjecture. 

^'Tbe  general  occurrence  of  volcanos  in  the  neighbourhood 
of  the  sea^  and  the  constant  disengagement  of  aqueous  vapour 
and  of  sea-salt  from  their  interior^  are  facts  that  establish  in 
my  mind  a  conviction  that  water  finds  its  way  to  the  seat  of 
the  igneous  operations,  almost  as  complete^  as  if  I  were  my- 
self an  eye-witness  of  another  Phlegethon  discharging  itself 
into  the  bowels  of  the  earth,  in  every  volcanic  district,  as  in 
the  solitary  case  of  Cephalonia. 

^^Nor  is  the  access  of  atmospheric  air  to  volcanos  more 
questionable  than  that  of  water ;  so  that  the  appearance  of 
hydrogen  united  with  sulphur,  and  of  nitrogen,  either  alone 
or  combined  with  hydrogen,  at  the  mouth  of  the  volcano, 
seems  a  direct  proof  that  oxygen  has  been  abstracted  by  some 
process  or  other  from  both. 

'^  Having  satisfied  our  minds  with  regard  to  the  fact  of  in- 
ternal oxidation,  we  naturally  turn  to  consider,  what  prin* 
ciples  can  have  existed  in  the  interior  of  the  earth  capable  of 
abstracting  oxygen  from  water  as  well  as  from  air,  and  this 
leads  us  to  speculate  on  the  bases  of  the  earths  and  alkalies 
as  having  been  instrumental  in  causing  it.  But  in  ascribing 
the  phsenomena  to  the  oxidation  of  these  bodies,  we  ought  not 
to  lose  sight  of  the  Baconian  maxim,  that  in  every  well-esta- 
blished theory,  the  cause  assigned  should  be  not  only  com- 
petent to  explain  the  phaenomena,  but  also  known  to  have  a 
real  existence,  which  latter  circumstance  cannot  of  course  be 
affirmed  of  the  alkaline  and  earthy  metalloids  as  having  a 
place  in  the  interior  of  the  earth.^ 


99 


But  it  may  perhaps  be  asked,  why  waste  time  in  balancing 

•  Vol.  ▼.  for  1S37. 
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claims,  which  by  our  own  admiasioii  are  of  so  uncertajn  8 
tenure,  that  they  may,  for  aught  we  know,  both  be  superseded 
by  some  third  hyiwlhesis  essentially  distinct  from  cither? 

To  this  it  may  be  replied,  that  the  advantage  which  the 
chemical  theory  has  over  the  mcclianical  one,  seems  to  me  to 
consist  in  the  inducement  it  holds  out  for  a  more  minute 
study  of  the  phienomcna  themselves.  A3  the  mechanical 
theory  confessedly  offers  no  explanation  of  the  manner  in 
which  the  several  products  of  the  igneous  action,  whether 
solid,  liquid,  or  aeriform,  are  produced,  but  is  content  to  set 
down  the  gases  at  least  as  secondary,  unimportant,  and  inci- 
dental eflects,  it  leads  to  a  neglect  of  these  accessories,  and 
renders  the  examination  of  the  processes  themselves  a  matter 
of  minor  interest. 

The  geologist  «ho  sets  out  with  believing  that  a  volcano  ia 
merely  due  to  the  contraction  of  the  crust  of  the  earth  upon 
its  fluid  nucleus,  may  carry  oti  his  speculations  a  thousand 
miles  from  the  site  of  any  active  vent,  just  as  well  as  he  could 
do  at  its  very  foot. 

On  the  other  hand,  such  knowledge  as  we  possess  of  the 
gases  that  are  evolved,  is  mainly  owing  to  the  desire  which 
men  of  science  have  felt  to  compare  the  products  of  volcanic 
action  with  the  conditions  of  some  chemical  theory  or  other. 

Thus  Gay-Luss.ic,  who  first  elucidated  the  subject  with 
the  lights  of  modern  science,  was  also  tlic  first  to  scrutinise 
the  gases  evolved,  iti  order  to  determine  their  correspondence 
with  the  chemical  views  he  entertained ;  tluis  Piila,  hy  a  wish 
to  satisfy  himself  on  the  important  chemical  question,  whether 
inflammable  gases  were  emitted  during  an  eruption,  was  in- 
duced to  brave  the  dangers  of  a  near  approach  to  the  crater 
during  its  most  active  condition. 

Abich  too,  who  explored  ^^csuvius  with  the  eye  of  a  che- 
mist, has  given  us  some  of  the  must  important  infurnialioii 
wo  possess  witli  respect  to  the  nature  and  relations  of  laias; 
and  in  my  own  v.irious  visits  to  llic  voleaiios  of  Italy,  it  was 
the  wish  to  verify  or  correct  my  preconceived  chemical  views 
which  chiefly  kept  alive  my  interest  in  the  operations  I  wit- 

I  trust  therefore  that  chemical  vicvs  with  regard  to  vol- 
canic action  wdl  find  favour  at  least  until  all  the  various 
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phases  which  this  Force  is  susceptible  of  have  been  fully  ob- 
served and  duly  commented  upon ;  and  provided  this  be  the 
case,  I  shall  care  little  whether  the  views  of  Davy,  of  which 
I  have  stood  forward  as  the  humble  champion,  become  ulti- 
mately substantiated,  or  whether  they  be  superseded  by  some 
other  hypothesis,  which  equally  takes  into  account  the  che- 
mical products,  no  less  than  the  mechanical  effects,  resulting 
from  this  mysterious  Cause. 


2u 
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CHAPTER  XL. 


ON  THE  ROCKS  ATTRIBUTED  TO  VOLCANIC  AGENCY  TAKING 
PLACE  UNDER  CIRCUMSTANCES  DIFFERENT  FROM  THOSE 
BEFORE  CONSIDERED. 

Trap  rocks — thtir  general  characlera — their  structure — prismatic — spbe- 
roidal— tabular — dykca. — Weroerian  theory  with  regard  to  trap. — Ar- 
gutaents  in  favour  uf  the  aqucuuB  otigia  of  baaalt — shown  to  be  falla- 
cious.— DiSi>rcnce8  between  lavas  and  iiasalts  eiploined.—E Sects  of  heat 
modifi  d  by  p  ssu  — Why  Bubmarine  lavas  cool  slowlj' — causes  that 
give  r      to  us  p    duels — lamination  of  igneous  products  accounted 

for. — P  o  ess     f  il  lication   accounted   for   hy  slow   cooling — still 

slower  ooliDg  may  p  duce  basalt  and  other  traps. — Why  Bubmuioe 
lavas  ha  e  ol  d  1  wly. — Prismatic  structure  of  trap  accounted  for. 
Mid  grcHt  f  qu  n  J  f  dykea. — Trap  rocks,  at  what  periods  formed. — 
Three  las  of  1  an  products — their  characters  stated. — Disliuctioiis 
between  plutonic  and  vulcanic  rocks. 

Having  now  concluded  my  intended  sketcli  of  the  phtencH 
mena  of  existing   volcanos,  and  attempted  to   explain  tlie 

causes  from  which  they  originate,  I  sliall  consider  in  the  next 
place,  the  influence  which  forces  of  the  same  description  may 

have  oxcrtfd  in  foriiier  times  on  the  roiidition  of  our  planet, 
the  roeivs  that  have  been  ])rod>iCL'd  by  their  operations,  or 
which  have  been  altcrcil  in  character  and  position  by  their 
agency. 

It  is  this  part  of  the  iiupiiry,  n  hich  connects  tlie  subject  of 
volcanos  with  the  other  investigations  of  geology,  and  renders 
their  study  of  interest,  not  merely  to  the  chemist  and  the 
natural  pliilusopJier,  but  like\>ise  lo  all  who  would  attempt  to 
explain  the  condition,  past  or  pres^cnt,  of  the  globe  wc  inhabit. 
I  shall  therefore  prneeed  to  notice  the  rocks,  wliich,  though  dif- 
fering in  some  respects  from  those  produced  by  volcanos  at 
the  present  day,  a])pear,  nevertheless,  to  be  deri\ed  from  the 
same  cause  acting  under  somewhat  altered  circumstances. 

There  arc  few  parts  of  the  world  that  do  not  offer  examples 
of  those  Formations,  which  are  comprehended  by  geologists 
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under  the  name  of  Trap^  including,  as  it  does^  in  its  most  ex- 
tensive signification^  on  the  one  hand  basalts^  greenstones^ 
syenites^  and  wacke^  and  on  the  other  porphyries^  with  base 
of  felspar  or  claystone.  To  each  of  these  general  subdivisions 
are  annexed  sundry  mechanical  aggregates^  in  which  pebbles 
or  angular  fragments  of  the  rocks  above-mentioned  constitute 
the  prevailing  ingredients. 

The  above  rocks  have  this  pecuUarity  belonging  to  them, 
that  they  occur  in  connexion  with  all  the  formations  which 
compose  the  crust  of  the  globe,  iGrom  the  oldest  to  the  most 
modem,  resting  on  them  in  irregular  tabular  masses,  occasion- 
ally alternating  with,  and  still  more  commonly  intersecting 
them  at  various  angles. 

When  circumstanced  in  either  of  the  two  former  ways  with 
reference  to  the  accompanying  strata,  they  have  been  deno- 
minated bedsy  with  what  propriety  will  afterwards  appear; 
when  disposed  in  the  latter  way  they  are  called  trap-veins  or 
whin-dykes;  whin  being  a  provincial  term,  originally  em- 
ployed by  the  colliers  in  Northumberland  to  designate  any 
hard  stone,  but  now  introduced  into  the  general  language  of 
geology,  for  the  purpose  of  indicating  a  rock,  consisting  of 
basalt,  greenstone,  or  wacke,  traversing  the  strata  in  the 
manner  that  has  been  represented. 

I  will  consider,  in  the  first  place,  the  general  structure  of 
trap  rocks,  and  afterwards  those  circumstances  which  may  be 
regarded  as  peculiar,  either  to  the  one  or  other  of  the  forms 
in  which  it  is  found. 

Trap  rocks,  in  some  one  of  their  different  conditions,  pre- 
sent examples  probably  of  every  kind  of  structure  which  has 
elsewhere  been  observed:  examined  on  the  small  scale,  we 
remark  them  amygdaloidal,  porphyritic  and  granular;  ex- 
amined on  the  lai^,  we  find  them  in  some  instances  slaty  or 
fissile,  as  clinkstone;  in  others  divided  into  thick  tabular 
masses,  as  basalt  and  greenstone  frequently  are. 

But  that  which  peculiarly  distinguishes  rocks  of  the  Trap 
family,  is  the  tendency  to  split  into  prismatic,  or,  speaking 
more  generally,  polyhedral  masses,  which  structure,  though  it 
exists  likewise  in  granitic  and  a  few  other  species  of  rocks, 
is  nowhere  so  frequent,  or  so  well  displayed  as  in  these. 
The  columns  vary  in  the  number  of  their  sides  from  three 
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to  six,   seveD,   and   even   twelve ;   they  are  more  generally  1 

straight,  but  not  unfrequently  curved ;  in  size  they  may  be 
said  to  range  from  an  inch  to  nine  feet  in  breadth,  and  from 
a  foot  to  300  or  more  in  height.  They  are  sometimes  con- 
tinuous for  a  considerable  space ;  but  at  other  times  are  ob- 
liquely and  irregularly  divided  by  fissures  or  joints,  the  convex 
surface  of  one  being  inserted  into  a  corresponding  concavity 
of  the  next. 

The  columns  are  usually  at  right  angles  to  the  direction  of 
the  bed,  but  not  always  so ;  occasionally  indeed  they  radiate 
from  n  central  point,  forming  clusters  without  any  determi- 
nate direction,  and  still  more  commonly  they  arc  placed  so 
irregularly  as  to  interfere  one  with  tlie  other.  Sometimes  in 
the  sauie  bed,  one  portion  will  be  prismatic  and  the  rest  amor- 
phous; whUst  every  intermediate  condition,  from  that  of 
jointed  columns  possessing  an  almost  arcliitecturai  regulaiity, 
to  a  total  absence  of  all  arrangement,  will  be  perceived. 

It  has  been  usual  to  refer  this  kind  of  structure  to  the 
contraction  which  the  mass  underwent  dnring  its  cooling 
down  from  a  melted  state ;  and  there  is  no  doubt  that  a  pris- 
matic structure  may  arise  from  a  cause  of  this  kind,  as  we  see 
exemplified  in  many  modern  liivaa*,  and  in  the  shrinking  of 
masses  of  clay,  stareh,  &c.  But  there  is  one  circumstance 
which  seems  to  prove  that  the  pnsmntic  form  of  trap  is  owing 
to  a  ditfcrcut  cause ;  nainely,  that  in  mimy  casus  tlic  columns 
appro\iinatc  so  nearly,  that  nut  even  the  Made  of  a  kuife  can 
be  tlirust  in  butwccii  them.  Now  in  every  instance  in  which 
tile  same  kind  of  structure  is  iii'mlut-ed  by  contraction,  theory 
sugfrests,  and  experience  confirms,  tlic  coneliisitm,  tliat  a  cer- 
tain interval  would  be  lelt  between  the  eoliunnar  musses  so 
(jroducccl. 

We  must  therefore  look  to  some  other  cause  for  the  columnar 
arrangement  of  trap,  and  probably  the  true  soliitiou  wiil  bo 
suggested  to  iis,  after  consicioriiig  another  kind  of  structure 
noticed  as  existing  in  IJicse  rocks,  namely  tlie  spberoidid  or 
globular.  In  this  case  tlic  rock  is  eitlier  wholly  or  in  part 
arranged  in  bulls  of  various  magnitudes.     The  globular  form 

•  Ciintra-t.  fur  instance,  the  structure  of  the  l.iv.i  of  Nic<3,rmciiiiii!  mfii- 
lioiHii  in  n\\-  fourlli  iha|>liT  with  that  uf  lliu  culuiims  uf  tlm  Giniifs 
Cau=i'V.ny. 
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is  very  conspicuous  in  the  rock  of  the  Shiant  Islands ;  but  ac- 
cording to  Dr.  MaccuUoch  does  not  appear  to  be  common.  A 
tendency  however  to  this  structure  is  betrayed  in  most  trap 
rocks  by  the  manner  in  which  they  disintegrate^  those  even 
which  are  columnar  exfoliating  into  spheroidal  forms  when  ex- 
posed to  the  weather.  Now  it  is  evident  that  a  series  of  glo- 
bular concretions  of  trap,  placed  in  close  contact^  whilst  in 
a  pasty  condition^  or  in  the  state  of  transition  from  fusion  to 
solidity,  would  be  by  mutual  pressure  converted  into  a  suc- 
cession of  jointed  columns,  which,  owing  to  slight  differences 
in  the  compactness  and  consequent  softness  of  the  several 
parts  of  the  mass,  would  rarely  be  exact  in  their  sizes  and  in 
the  number  of  their  sides,  but  would  exhibit  aU  those  variations 
which,  in  that  respect,  columnar  basalt  commonly  displays*. 
Neither  does  it  follow  that  they  may  not  in  some  cases  have 
shrunk,  after  the  prismatic  form  has  been  communicated  to 
them  by  mutual  compression,  since  the  latter  force  would 
begin  to  operate  from  the  moment  they  ceased  to  be  liquid ; 
whereas  the  tendency  to  contract  would  continue  up  to  the 
time  at  which  the  rock  had  sunk  to  the  temperature  of  the 
bodies  surrounding  it. 

I  conceive  therefore  that  the  spheroidal  structure  will  be 
found  to  be  the  one  most  prevalent  in  rocks  of  the  trap  family, 
and  that  the  prismatic  is  in  general  only  a  consequence  of  it ; 
the  former  indeed  arising  from  that  species  of  molecular  attrac- 
tion, which  begins  to  display  itself  in  all  melted  bodies  from 
the  moment  they  cease  to  be  absolutely  fluid  up  to  the  time  at 
which  they  become  completely  solid.  Hence  the  longer  the 
interval  between  these  two  points,  the  more  fully  does  this 
disposition  operate,  as  has  been  shown  by  Mr.  Gregory  Wattf 
and  others,  who  caused  the  particles  of  glass,  and  even  of  lava, 
to  arrange  themselves  in  spheroidal  concretions,  by  allowing 
them,  after  being  melted,  to  return  to  a  state  of  solidity  with 
sufficient  slowness. 

Having  now  considered  the  general  structure  of  trap  rocks, 

*  This  and  the  other  facts  which  bear  oot  my  hypotheses  are  beautifully 
iUustrated  in  the  case  of  the  Kase-Keller  near  Bcrtrich,  described  in  my 
79th  page. 

t  Phil.  Trans.  1804. 


66S  TBAP  BOCKS  CONBIDEBBD. 

I  will  next  examine  the  peculiarities  beloogiog  to  either  of  the 
two  conditiona  in  which  they  exist. 

One  of  the  most  common  forms  in  which  the  harder  rariettea 
of  trap  are  founO,  is  in  large  ovcrlyiog  masses,  sometimes 
rising  into  high  mouataios,  but  more  generally  capping  the 
summits  of  hills  of  comparatively  low  elevation.  These  latter 
sometimes  would  seem  to  indicate  strati B catio D ;  but  the  ap- 
pearance they  present  is  owing  to  their  division  into  large  flat 
tables,  which  again  have  a  tendency  to  decompose,  in  an  abrupt 
tnanner,  at  right  angles  to  the  seams  of  the  stratification,  thus 
exliibitiog  a  series  of  mural  precipices,  ranging  one  above  the 
other,  from  w  hich  the  term  trap,  which  in  tjwedbh  signifies  a 
ttmr,  has  been  applied  to  them. 

In  other  cases  they  appear  to  alternate  with  the  rocks  of 
the  coimtry,  but  this  appearance  is  moat  frequently,  though 
not  always,  deceptive.  Dr.  MaccuUoch  has  shown  that  many 
veins  of  trap  put  on  a  form  so  fur  parallel  to  the  strati  HcatioQ, 
as,  when  partially  viewed,  to  possess  the  semblance  of  beds  *. 
Their  true  nature  may  in  these  cases  be  determined  by  finding 
that  the  parallelism  is  not  long  maintained,  but  that  any  one 
such  supposed  stratum  quits  its  place  to  intersect  the  ad- 
joining and  including  stratified  rock,  or  sends  ramiBcations 
through  the  whole  series. 

In  a  few  cases,  where  deep  sections  of  cliffs  afford  oppor- 
tunities for  cxnriiinution,  it  is  Ibuiid  tliat  irregular  masses  lie 
benejith  tiie  stratilicd  roclcs  in  some  places,  just  as  they  sur- 
mount them  ill  others;  and  that,  from  these  also,  veins  pro- 
ceed to  the  surfacu,  or  in  other  directions. 

Without  therefore  denying  that  alternations  of  trap  rocks 
with  neptunian  deposits  may  occur, — a  consequence  indeed 
which  would  necessarily  ensue,  if  successive  formations  of  the 
former  rock  had  taken  place  at  the  bottom  of  water,  whilst  the 
latter  was  in  the  act  of  throwing  down  deposits  of  clay,  lime- 
stone, or  saud,— let  us  go  on  to  consider  the  case  of  veins  or 
dykes,  to  which  class  the  great  majority  probably  of  stratiform 
masses  of  trap  actually  belong. 

These  dykes  occur  of  iUl  sizes,  from  a  few  inches  to  twenty 

or  thirty  y.irds  in  thickness.     They  extend    in  some    cases 

many  miles  in  length,  as  in  the  case  uf  the  great  Cleavcland 

•   See  [lagc  TM. 
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dyke^  in  the  North  of  England,  which  has  been  traced*  in  a 
direct  Une  more  than  seventy  miles.  They  seldom  ramify, 
but  pursue  their  primary  direction  in  one  continuous  line. 
They  are  usually  intersected  by  fissures  at  right  angles  to 
their  walls,  and  are  thus  divided  into  irregularly  prismatic 
concretions. 

They  often  penetrate  rocks  belonging  to  different  epochs^ 
and  wherever  the  circumstances  of  the  country  allow  us  to 
follow  them  for  any  distance,  have  been  found  connected  with 
some  great  mass  of  the  same  material.  From  their  superior 
hardness  and  durability,  they  generally  resist  decomposition 
better  than  the  rocks  which  they  intersect,  and  consequently 
stand  out  above  the  surface  of  the  ground  like  walls  of  stone, 
whence  indeed  they  are  termed  dykesy  the  terms  wall  and  dyke 
being  synonymous  in  North  Britain. 

Their  effects  upon  the  contiguous  rocks  are  very  remark- 
able. The  latter  are  often  thrown  down  on  one  side  and  ele- 
vated on  the  other,  as  if  by  the  forcible  intrusion  of  the  trap. 
The  same  thing  occurs  when  two  trap  dykes  cross  one  another, 
that  which  has  been  shifted  being  considered  as  of  the  greatest 
antiquity.  The  adjacent  rock  is  variously  altered  according  to 
its  mineral  constitution.  If  it  be  Umestone,  it  often  becomes 
compact  and  crystalline,  like  marble ;  if  shale  or  slate-clay,  it 
is  turned  into  a  substance  resembling  flinty  slate  or  porcelain 
jasper ;  if  sandstone,  it  is  rendered  hard,  and  in  a  few  cases 
prismatic ;  if  it  be  gneiss,  it  is  converted  into  a  kind  of  horn- 
stone  (Nigg,  near  Aberdeen). 

But  the  most  striking  alteration  is  observed  where  tl^  dyke 
intersects  the  carboniferous  strata.  In  some  cases  (CleaveUmd) 
the  substance  pf  the  coal  in  immediate  contact  with  the  trap 
is  changed  into  soot,  whilst  at  a  little  distance  it  is  reduced 
to  a  coke  or  cinder,  wholly  destitute  of  bitumen*  The  roof 
of  the  mine  just  above  the  coal  is  lined  with  crystals  of  sul- 
phur, which  may  have  been  sublimed  from  the  bed  itself. 

Nevertheless  these  effects  do  not  appear  to  be  universal, 
and  it  sometimes  happens  that  a  dyke  will  traverse  a  series  of 
rocks  for  a  vast  distance,  without  in  the  least  affecting  them. 
These  changes  are  also  much  more  commonly  produced  by 
dykes  than  by  overlying  masses  of  trap,  though  the  case  of 
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the  Metsner  shows  that  a  siinikr  influence  is  eometim«s  ex- 
erted even  by  a  bed  of  greenstone  overlying  coal. 

Such  then  are  the  principal  facta  that  seem  agreed  upon 
with  respect  to  the  composition,  structure,  and  position  of 
trap  rocks;  and  the  conclusion  to  which  the  greater  part  of 
them  evidently  point  is,  that  they  have  been  produced  by 
igneous  action  of  a  kind  similar  to  that  by  which  volcanic 
products  are  forming  at  the  present  day. 

Their  chemical  constitution  can  hardly  be  held  consistent 
with  any  other  supposition,  for  they  have  been  found  by 
Kennedy  to  agree  very  nearly  in  this  respect  with  those  vol- 
canic products  which  they  most  resemble  mineralngically,  con- 
sisting, hke  the  latter,  of  compounds  of  silica,  with  alumina, 
lime,  and  an  alkali ;  substances  which  have  never  been  known 
to  enter  into  chemical  union  except  under  the  influence  of  a 
high  tempetaturc,  and  have  not  yet  been  found  as  parts  of  any 
neptunian  deposit,  except  as  rolled  masses  derived  from  ap- 
other  quarter. 

The  general  correspondence  in  mineralogical  character, 
which  may  be  traced  betwixt  trap  and  volcanic  rocks,  is  still 
more  conclusive.  Thus  the  basalts  of  the  one  find  their 
analogues  amongst  the  augitic  lavas  of  the  other ;  the  syenites 
and  greenstones  correspond  with  the  greystones  or  tephrines, 
which  include  the  generality  of  modern  lavas;  and  the  clay- 
stones  and  felspar  porphyries  w  ith  the  trachytes  that  so  often 
fonn  the  nucleus  of  a  volcanic  mountain.  We  even  discover 
occasionally,  in  the  midst  of  the  products  of  volcanos  that 
have  been  in  action  since  the  valleys  of  the  country  were  exca- 
vated, and  therefore  at  a  recent  period,  rocks  so  nearly  iden- 
tical in  characters  to  those  which  usually  are  considered  as 
trap,  that  we  cannot  deny  that  the  latter  do  in  fact  result  from 
volcanic  processes.  Of  this  kind  are  the  basaltic  colonnades 
which  occupy  the  bottom  of  the  valleys  in  the  Vivarais,  and 
have  evidently  been  derived  from  the  volcanic  craters  above 
them.  The  mineralogical  and  chemical  composition,  as  well 
as  the  prismatic  structure  of  these  basalts,  are  precisely  the 
same  as  of  those  met  with  in  trap  districts,  the  only  distinction 
that  can  be  perceived  being  the  presence  of  void  cells  or  eavi- 
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ties  of  very  minute  size,  for  the  latter  seldom  exist  in  older 
traps  without  being  occupied  more  or  less  with  crystalline 
matter. 

Neither  would  it  be  difficult  to  find  among  the  trachytes  of 
Hungary,  Auvergne,  or  the  Euganean  Hills,  rocks  identical 
in  structure  and  composition  with  the  porphyries  of  older 
date,  as  for  example  are  those  which  accompany  trap  rocks  at 
Sandy  Brae  in  the  county  of  Antrim. 

The  inferences  too,  which  an  examination  of  rocks,  placed 
as  it  were  at  the  opposite  extremities  of  the  series  in  point  of 
antiquity,  could  not  fail  to  suggest,  are  greatly  confirmed  by 
observing  the  appearances  presented  by  those  which  belong 
to  an  intermediate  age.  From  whatever  cause  it  may  have 
arisen,  it  is  at  least  certain,  that  connected  with  the  deposits 
belonging  to  the  tertiary  period  is  found  a  class  of  rocks,  which, 
if  regarded  as  volcanic,  seem  often  to  present  the  characters  of 
trap,  and  if  considered  as  trap,  to  put  on  frequently  the  cha- 
racters of  recent  volcanic  products.  Such  are  the  formations 
of  the  Val  di  Noto  in  Sicily,  those  in  several  parts  of  Italy,  in 
Auvergne,  in  Hungary,  and  in  other  parts  of  Europe,  all  of 
which  have  been  traced  to  a  particular  period  in  the  history  of 
our  planet ;  namely  the  one  subsequent  to  that  at  which  the 
chalk  appears  to  have  been  deposited,  but  antecedent  to  that  in 
which  the  earth  was  peopled  by  its  present  races  of  mammalia. 

Nothing,  it  is  clear,  could  afibrd  a  more  striking  proof  of 
an  identity  in  the  origin  of  trap  and  volcanic  rocks  than  this 
apparent  transition  from  one  to  the  other,  in  proportion  as 
the  circumstances  under  which  they  were  formed  came  more 
and  more  to  resemble  those  of  the  present  time. 

Yet,  notwithstanding  this  accumulation  of  evidence  in 
favour  of  the  community  of  their  origin,  it  is  no  long  time 
since  the  opposite  opinion  was  espoused  by  some  of  the  most 
distinguished  geologists  in  Europe;  and  a  theory,  at  once 
clumsy  and  gratuitous,  was  invented,  for  the  purpose  of  ex- 
plaining, without  having  recourse  to  igneous  agency,  the  posi- 
tion which  trap  rocks  occupy,  incumbent  on  whatever  stratum 
might  chance  to  be  uppermost. 

No  doubt  the  weight  attached  to  the  name  of  Werner, 
who  was  regarded  not  unjustly  as  the  Father  of  scientific 
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geologj,  gave  to  his  views  on  this  subject  a  currency  which 
they  would  not  otherwise  have  obtained ;  but  even  such  an 
authority  would  not  have  induced  his  disciples  so  geoerally 
to  adopt  his  opinion,  had  there  not  been  difficulties  in  the 
way  of  the  opposite  doctrine,  wliich  served  in  some  degree  as 
a  set-off  to  the  glaring  absurditiea  of  their  own.  We  ought 
indeed,  iu  candour,  to  suppose  that  the  Ncptunians,  as  they 
were  called,  agreed  only  in  rejecting  the  volcanic  theory  of 
trap  as  supported  by  insufficicDt  evidence,  and  that  the  majo- 
rity of  thera  entertained  no  very  decided  views  with  r^ard 
to  the  manner  in  which  it  was  really  formed.  Werner  indeed 
had  called  up  the  ocean  to  the  very  summits  of  the  hiUs,  at 
a  period  subsequent  to  the  deposition  of  the  other  rocks,  in 
order  to  overspread  the  earth  with  the  materials  of  his  newett 
fitetz  trip  formation ;  but  his  followers  must  have  regarded 
this  idea  merely  in  the  light  of  a  suggestion  thrown  out  in 
order  to  show,  that  other  possible  modes  of  accounting  for  the 
origin  of  trap  might  be  imagined,  w*ithout  invoking  the  aid 
of  the  God  of  Fire. 

I  shall  not  therefore  concern  myself  with  this  hypothesis, 
to  which  few  pTObal>ly  ever  attached  implicit  confidence,  but 
will  merely  consider  what  was  the  nature  of  those  ditticulties 
that  induced  so  respectable  a  class  of  geologists,  with  Werner 
at  their  head,  not  very  lonp  ajro,  to  withhold  their  assent 
from  the  position  tluit  Irap  rocks  were  the  volcanic  products 
of  an  earher  pcrinil. 

For  this  hesitation  Werner,  1  nm  aware,  has  been  severely 
censured  by  geologists  of  the  present  day;  but  [  apprehend 
that  he  is  to  be  blamed,  not  for  having  withheld  his  assent 
to  the  propositions  of  the  Vnlcntiists  when  he  (irst  promul- 
gated his  views,  but  for  having  at  a  later  jieriod  neglected 
to  hold  out  to  his  pupils  the  question  as  one  which  required 
further  investigation,  and  that  the  opinions  which  iic  had 
taken  u|i  in  early  lile  would  in  no  degree  have  lowered  his 
reputition,  had  they  not  been  adhered  to  with  so  much  pcrtt- 
nacitv  to  the  end  of  his  career,  in  spite  of  evidence  subse- 
quently brought  tofi;etlier*. 

eon»i()c[-  thf  advanced  jicrioil  ol'  life  to  wliish  iic  liiul  nltiilncii,  licfotc  thf 
evidcucc  in  favoat  of  Ihc  igneous  origin  of  trap  rocts  liad  arrived  at  that 
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To  me  however,  aided  by  the  lights  afforded  by  more  recent 
investigations,  it  will  be  an  easy,  though  not  an  uninstructive 
task,  to  furnish  a  solution  of  these  supposed  diflSculties,  in 
doing  which  however  I  shall  confine  myself  to  one  only  of  the 
rocks  referred  to — I  mean  Basalt,  conceiving  the  whole  ques- 
tion as  to  the  formation  of  other  members  of  the  series  to  hinge 
entirely  upon  the  result  of  our  inquiry  with  respect  to  this. 

The  aqueous  origin  of  basalt  was  asserted,  or  rather,  to 

degree  of  conclusivenesB  which  would  have  justified  a  decided  opinion  on 
the  subject.  It  was  hb  misfortune  indeed  in  some  measure  to  have  out- 
lived his  system,  and  to  have  remained  stationary  at  the  very  time  when 
Geology  was  making  its  greatest  progress ;  whence  it  has  happened,  that 
his  services  have  been  as  much  depreciated  latterly  as  they  had  been  over- 
rated before. 

In  order  therefore  to  form  a  fair  and  candid  estimate  of  his  scientific 
merits,  we  ought  to  view  him  at  the  commencement  of  his  career,  or  at  least 
carry  our  ideas  as  far  back  as  the  period  at  which  his  school  was  resorted 
to  by  individuals  of  almost  every  nation,  as  the  only  then  existing  source 
of  sound  and  practical  information  on  the  subjects  which  he  taught. 

Geology  indeed,  as  it  was  studied  at  Freyburg,  bore  at  that  time  about 
the  same  relation  to  its  condition  elsewhere,  as  history  does  to  mythology, 
or  chemistry  to  alchemy ;  and  if  it  be  objected  that  even  Werner  did  not 
altogether  emancipate  himself  from  the  fables  and  chimaeras  that  occupied 
his  brethren  elsewhere,  it  may  be  answered,  that  his  defenders,  at  least  at 
the  present  day,  neither  claim  for  him  infallibility,  nor  an  exemption  from 
human  infirmities. 

To  say  therefore  that  Werner's  geological  system  partook  at  first  of  the 
imperfections  belonging  to  a  new  branch  of  knowledge,  and  that  in  his  ad* 
vanced  years  he  felt  reluctant  to  modify  it,  as  a  younger  man  might  have 
done,  in  proportion  to  the  new  light  that  the  science  had  received,  is  a 
reproach  indeed,  but  one  which  applies  too  generally  to  bear  very  heavily 
on  his  individual  reputation. 

Without  then  professing  that  blind  admiration  for  Werner,  which  his 
pupils  at  one  time  appear  to  have  entertained,  I  cannot  help  consider- 
ing, that  the  branch  of  natural  history  which  he  cultivated  is  greatly  in* 
debted  to  his  exertions ;  and  though  the  time,  it  must  be  confessed,  is  gone 
by,  in  which  an  exclusive  addiction  to  the  tenets  of  this  or  any  other  school 
of  geology  can  be  defended,  yet  I  am  on  the  whole  inclined  to  think,  that 
even  the  exaggerated  opinion  entertained  with  respect  to  the  merits  of  the 
Wemerian  system  may  have  had  its  use,  as  tending  more  AiUy  to  incul- 
cate those  principles  of  classification,  and  that  method  of  discriminating 
rocks  and  minerals,  which,  with  all  their  imperfections,  must  be  allowed  to 
possess  no  slight  superiority  over  preceding  ones,  and  to  have  facilitated 
upon  the  whole  the  advances  that  have  been  since  made  in  this  department 
of  knowledge. 
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speak  more  conectly,  its  igneous  origin  was  denied,  parOy 
from  its  relations  to  other  rocks,  and  partly  from  its  owo  com- 
position, structure  and  position. 

It  was  shown  to  pass,  on  the  one  hsnd  into  greenstone, 
and  on  the  other  into  wackc,  both  which  substances,  it  was 
argued,  must  have  been  formed  by  water  ;^greenstone,  be- 
cause, if  it  had  undergone  fusion,  the  crj-stals  found  iu  it 
would  have  been  obliterated ;  wacke,  on  account  of  its  pass- 
age into  clay,  and  similar  confessedly  neptunian  deposits. 

It  was  also  found  to  alternate  repeatedly  with  these  latter, 
often  without  effecting  any  apparent  change  in  their  nature. 

The  composition  of  basalt,  it  was  said,  contradicts  the  ides 
of  its  having  been  affected  by  fire ; — it  contains  water,  which 
docs  not  exist,  as  had  been  shown  by  Kennedy,  in  the  recent 
lavas  most  nearly  allied  to  it ; — it  contains  various  crystals, 
which  are  fusible  at  a  heat  below  that  at  which  basalt  melts ; — 
and  it  even  envelopes  masses  of  limestone,  containing  all  their 
carbonic  acid,  and  occasionally  with  their  petrifactions  unin- 
jured. The  structure  of  basalt  is,  it  was  alleged,  still  more 
strongly  opposed  to  such  an  opinion :  instead  of  being  vas- 
cular, hnrsh,  and  vitreous,  like  modem  lavas,  it  was  compact, 
stony,  and  sonorous,  like  iron;  instead  of  being  split  into 
irregular,  polyhedral  masses,  with  wide,  intervening  spaces,  it 
was  often  divided  into  prisms  affecting  a  great  degree  of 
regularity,  and  closely  touching  cacli  olher. 

Unlike  l.avas,  it  cannot  be  traced  to  a  crater ;  nor  docs  it, 
like  them,  descend  into  the  bottoms  of  valleys,  but  is  found 
often  capping  hills,  at  the  very  time  wlicn  it  is  entirely  absent 
from  the  low  country  contiguous. 

As  to  the  similarity  bL'iwecn  basalt  and  lava  in  point  of 
chemical  comiiositioii,  it  was  argued,  that  this  only  proved 
the  latter  to  have  been  tlcrived  from  the  fusion  of  trap,  not 
the  former  to  have  been  produced  by  heat  itself. 

Some  of  tlicse  ari^uincnts,  no  doubt,  wore  founded  on  a 
mistaken  representation  of  facts:  thus  wackc  being  an  earthy 
kind  of  trap,  anil  containing  the  same  ingredients  as  basalt, 
may  be  produced  in  some  instances  from  the  disintegration 
of  the  latter  rock ;  and  when  that  is  the  case,  its  further  de- 
composition would  give  rise  to  a  rock  nowise  different  from 
clay.  All  tlic  cases,  probably,  in  which  the  i)assngc  I'rom  ba- 
salt to  cl.ty  has  been  asserted,  tidl  under  this  predicmient. 
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The  greater  number  too  of  the  instances  cited,  in  which 
organic  remains  are  said  to  have  been  detected  in  trap,  are 
equally  eiToneous ;  the  rock  in  which  they  are  found  being  a 
trap  tuff,  as  in  the  island  of  Canna ;  a  wacke,  derived  pro- 
bably from  the  decomposition  of  basalt,  as  at  Joachimstahl  in 
Saxony ;  or,  lastly,  a  rock  altered  by  the  contact  of  basalt,  as 
the  flinty  slate  of  Portrush  near  the  Giant's  Causeway,  which 
contains  ammonites. 

But  even  if  basalt  had  in  any  instance  been  found  to  con- 
tain organic  remains,  this  circumstance  would  be  no  more 
than  what  has  been  met  with  among  the  ejections  of  volcanos. 
Thus,  as  Sir  Henry  De  la  Beche  informs  us,  in  Signor  Mon- 
ticelli's  collection  of  Vesuvian  products  at  Naples,  occur  frag- 
ments of  the  compact  limestones  of  the  district  with  their 
organic  remains  imbedded ;  and  we  have  already  seen,  from 
the  existence  of  infusoria  in  volcanic  products,  that  nothing 
short  of  actual  fusion  can  obliterate  the  traces  of  organization 
from  a  rock  that  has  once  contained  them. 

The  presence  of  crystals  fusible  at  a  heat  below  the  melt- 
ing-point of  their  matrix  offers  no  objection  to  the  igneous 
origin  of  trap,  now  that  it  is  conceded  that  these  very  crystals 
may  have  been  produced  subsequently,  owing  to  the  play  of 
affinities  brought  about  by  the  fusion  of  the  mass,  and  con- 
tinuing to  operate  during  the  whole  period  of  its  return  to  a 
state  of  solidity. 

But  there  are  other  manifest  differences  between  basalts 
and  lavas  which  require  to  be  accounted  for  before  we  allow 
ourselves  to  refer  the  former  to  volcanic  agency;  namely 
their  greater  compactness  and  more  stony  aspect,  the  general 
absence  of  glassy  and  of  vesicular  products,  the  more  regular 
prismatic  structure  which  they  assume,  their  originating  in 
dykes  and  not  in  craters,  and  other  peculiarities  above  al- 
luded to. 

It  remains  then  to  be  seen,  what  were  the  conditions  which 
caused  the  volcanic  products  of  an  earlier  period  to  assume 
an  appearance,  in  many  respects  so  different  from  that  which 
they  affect  at  present. 

One  circumstance  will  immediately  occur  to  us,  as  esta- 
blishing a  distinction  between  the  two  cases. 
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We  have  seeD  id  tbe  former  pnrt  of  this  chapter,  that  up  to 
the  period  of  the  tertiary  formntions  the  greater  part  of  the 
globe,  or  at  least  of  that  portion  of  it  which  has  come  under 
our  ohservation,  "K&a  covered  to  a  great  depth  by  water ;  for 
although  the  formation  of  beda  of  coal,  the  occasional  occor- 
rence  of  freshwater  ehelU,  and  that  of  the  remains  of  land 
animnls,  convince  us  that  certain  portions  of  what  is  now  dry 
land  was  even  at  that  time  elevated  above  the  seas,  still  it  is 
probable  that  these  constituted  merely  detaclied  islands  in  the 
midst  of  the  abyss  of  ocean,  and  that  the  great  bulk  of  our 
continents  were  at  that  period  submerged.  It  follows  from 
this,  that  the  majority  of  the  trap  rocks  then  formed  must 
have  constituted  submarine  lavas,  and  hence  we  see  at  once  a 
distinction  between  the  above  and  those  of  the  present  day, 
which,  wherever  they  are  presented  to  our  observation,  Bre 
necessarily  subaerial,  or  at  least  consolidated  only  in  shallow 
water.  Thus  in  the  volcanic  island  recently  produced  in  the 
Mediterranean,  the  products  that  have  come  under  our  notice 
are  porous  and  vitreous,  like  those  of  Vesuvius;  but  these, 
thougli  resulting  fr^im  a  submarine  volcano,  have  all  been 
ejected  into  the  open  air,  and  consequently  partake  of  tbe 
character  of  snbaerial  lavas. 

This  distinction,  first  pointed  out  by  Dolomieu  and  Strange, 
was  happily  applied  by  Dr.  llutton,  in  his  celebrated  '  Theory 
of  the  Earth,'  to  iiccouiit  for  llic  ilill'erenccs  between  trap 
rocks  and  lava*,  on  the  principle  that  the  effect  of  the  heat 
applied  woidd  be  modified  in  these  two  cases,  by  the  influence 
of  the  pressure  exercised  by  a  superincumbent  ocean  upon 
the  former,  and  by  the  absence  of  any  such  pressure  on  the 
latter. 

"  The  tendency  of  nn  hicrensed  pressure,"  to  use  the  words 
of  his  illustrator,  Pmfessor  Playfair,  "  on  the  bodies  to  which 
hciit  was  applied,  is  to  restrain  the  volatility  of  those  parts 
uhich  otlicrwise  would  make  their  escape,  and  to  force  them 
to  endure  a  more  intense  action  of  heat.  At  a  certain  depth 
under  the  sea,  therefore,  the  power  of  a  very  intense  heat 
might  be  unable  to  drive  off  the  oily  or  bituminous  parts 
from  the  infl.-inuiiable  matter  there  deposited  ;  so  that,  when 
the  heat  was  withdrawn,  these  principles  might  be  found  still 
united  to  the  earthy  and  carbonic  parts,  forming  a  substance 
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very  unlike  the  residuum  obtained  after  combustion  under  a 
pressure  no  greater  than  that  of  the  atmosphere.  It  is  in  like 
manner  reasonable  to  believe^  that  on  the  application  of  heat 
to  calcareous  bodies  under  great  compression^  the  carbonic 
acid  would  be  forced  to  remain,  the  generation  of  quicklime 
would  be  prevented,  and  the  whole  might  be  softened,  or 
even  completely  melted,  which  last  effect,  though  not  deducible 
from  any  experiment  yet  made,  is  rendered  very  possible  from 
the  analogy  of  certain  phaenomena/' 

These  latter  anticipations  were  soon  after  realized  by  the 
masterly  experiments  undertaken  by  Sir  James  Hall,  which 
showed  that  the  carbonic  acid  usually  driven  off  from  lime* 
stone  by  the  action  of  heat  may  be  retained  in  combination 
with  it  under  a  pressure  greatly  inferior  to  that  of  the  present 
ocean;  and  that  the  calcareous  matter  under  such  circum- 
stances enters  into  fusion  at  a  temperature  which  it  com- 
pletely resists  when  this  elastic  material  is  expelled. 

It  is  true  we  have  since  found,  that  in  a  perfectly  dry  and 
still  atmosphere  limestone  retains  its  carbonic  acid  at  a  high 
temperature,  even  at  ordinary  pressures ;  but  such  a  condition 
of  things  can  hardly  take  place  in  nature ;  and  hence  the  dif- 
ference pointed  out  by  Hutton  between  submarine  and  sub- 
aerial  lavas,  although  it  may  be  explained  rather  differently^ 
must  still  be  admitted  as  a  fact. 

Sir  James  Hall  has  applied  this  theory  with  great  success 
to  account  for  the  calcareous  matter  occurring  in  the  cavities 
of  amygdaloidal  traps,  and  of  the  water  present  in  those  of 
certain  agates  existing  in  the  same  class  of  rocks.  To  the 
same  cause  may  also  be  referred  the  greater  cellularity  which 
modem  lavas  possess  than  the  generality  of  traps ;  the  former^ 
even  in  the  innermost  part  of  the  stream,  where,  owing  to  the 
pressure  of  the  superincumbent  mass,  their  density  will  be 
greatest^  exhibiting  a  number  of  minute  vesicles,  the  existence 
of  which  serves  to  distinguish  them  from  ordinary  basalt. 

Not  that  we  must  suppose  all  trap  rocks  to  be  destitute  of 
cells,  any  more  than  we  are  warranted  in  inferring,  that  all  the 
eruptions  that  took  place  at  these  periods  necessarily  occurred 
in  deep  water. 

The  existence  of  amygdaloids,  such  as  are  the  toadstouea 
of  Derbyshire,  seems  to  imply,  that  the  pressure  under  whidi 
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certain  traps  were  formed  was  not  sufficient  to  prevent  the 
disengagement  of  aeriform  fluids;  for  it  is  ditEcult  to  recon- 
cile this  pli  EC  no  men  on  with  the  theory  of  Sir  James  Hall,  who 
imagined  that  such  cavities  were  caused  by  the  intiltration  of 
the  crystalline  matter,  which,  when  it  entered  into  fusion  with 
the  whinatone,  kept  separate  from  it,  as  oil  does  from  water. 
If  this  had  been  the  cause  of  the  cavities,  they  ought  to  be 
entirely  filled  with  crj-ataliine  matter,  which  is  not  the  case. 
Neither  is  the  presence  of  crystalline  matter  occupying  the 
cavities  a  fact  absolutely  without  exceptions.  Dr.  MaccuUoch 
instances  the  trap  of  Little  Cumbray,  in  the  Kylcs  of  Bute, 
as  consisting  of  vesicular  lara,  so  light  as  almost  to  float  on 
water,  having  its  cells  entirely  empty,  and  with  a  glazed  in- 
ternal surface,  like  that  of  volcanic  scori*. 

But  these  partial  exceptions  will  not  be  considered  as  suffi- 
cient to  invalidate  the  general  position,  that  traps  are  of  aub- 
marine  origin,  until  some  geologist  will  cither  undertake  ta 
explain,  on  some  other  principle,  the  differences  allowed  to 
subsist  between  them  and  lavas,  or  will  point  out  the  inade- 
quacy of  Sir  James  Hall's  theory  to  account  for  these  points 
of  distinction. 

It  is  true,  that  the  stony  aspect  belonging  to  basalt,  and  the 

crystalline  or  granular  appearance  distinguishing  greenstone 
and  other  menilicrs  of  the  fr;ip  formation,  characters  not  ap- 
plicable to  modem  lavas,  all  of  which  are  more  or  less  vitre- 
ous in  their  fracture,  and  more  homofrciieous  in  their  general 
aspect,  flow  less  obviously  as  conscr|uences  from  the  principle 
therein  assumed.  In  order  however  to  obtain  a  clear  under- 
standing of  the  cause  of  these  dift'ercnces,  it  will  be  requisite, 
first,  to  show  that  they  arc  connected  with  the  rate  of  cooling 
which  the  melted  mass  bus  undergone,  and  secondly,  that  this 
rate  would  be  slower  under  a  deep  sea,  than  either  in  shallow 
water  or  in  the  open  air. 

In  the  second  chapter  of  this  work  it  was  laid  down,  that 
the  vitreous  character  of  a  mass  which  had  undergone  fusion 
was  in  a  certain  degree  dependent  on  its  composition,  for  that 
compounds  of  three  atoms  of  silica  with  alumina  were  alone 
capable  of  entering  into  that  condition,  or  of  assuming  the 
form  of  obsidian.     But  something  more  than  a  peculiar  che- 
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mical  constitution  is  required  for  the  formation  of  this  mine- 
raly  for  just  as  glass  when  very  slowly  cooled  is  converted  into 
an  opake  earthy-looking  mass,  in  which  a  certain  degree  of 
segregation  of  parts  is  perceptible^  so  obsidian  may  by  the 
same  means  be  converted  into  a  substance  resembling  trap, 
as  Mr.  Gregory  Watt  and  others  have  demonstrated. 

On  the  other  hand,  although  lavas  of  ordinary  composition, 
or  containing  less  silica,  and  more  lime,  magnesia,  and  iron 
than  trachyte,  will  scarcely  under  any  circumstances  be  con- 
verted into  a  perfect  glass,  yet  a  certain  approach  to  the 
vitreous  character  is  in  all  cases  distinguishable  throughout 
the  mass,  except  in  its  interior,  where  it  has  been  subjected  to 
pressure  of  a  considerable  weight  of  superincumbent  matter. 

It  may  also  be  remarked,  that  obsidian  always  appears  to 
contain  about  ten  per  cent,  of  alkali ;  but  this,  although  a 
necessary  condition  for  its  assuming  a  vitreous  character,  is 
not  alone  sufficient  to  produce  it,  for  many  lavas  which  are 
very  imperfectly  vitreous,  possess  as  much. 

Its  presence  however  may  assist  in  explaining  the  formation 
of  pumice  out  of  the  materials  of  obsidian,  for  pumice  seems, 
from  the  analysis  of  Abich,  to  contain  more  soda,  but  less 
potass,  than  obsidian,  although  the  aggregate  amount  of  the 
two  alkalies,  taken  together,  nearly  corresponds.  This  che- 
mist therefore  imagines,  with  much  ingenuity,  that  pumice 
may  be  formed  by  the  disengagement  of  a  part  of  the  potass 
present  in  the  obsidian,  as  well  as  of  the  chlorine  of  the  sea-salt 
which  has  come  into  contact  with  it  whilst  in  a  state  of  fusion, 
the  soda  resulting  from  the  sodium  set  at  liberty  at  the  same 
time  taking  the  place  of  the  potass  evolved,  and  combining 
with  the  mineral  mass.  We  thus  arrive  at  an  explanation  at 
once  of  the  porous  texture  of  pumice,  and  of  the  larger  amount 
of  soda  which  it  commonly  contains.  A  substance  resembling 
pumice  may  indeed  be  formed  by  the  mere  exposure  of  obsi- 
dian  to  an  intense  heat,  but  in  this  case  there  is  a  loss  of 
potass,  without  any  substitution  of  soda. 

So  far  therefore  as  regards  the  vitreous  structure  of  obsidian 
in  its  simple  form,  the  above  remarks  may  perhaps  supply  us 
with  a  sufficiently  simple  explanation  of  the  facts  before  us ; 
but  there  are  many  varieties  of  texture,  and  grades  of  transition 
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into  other  igneous  products,  that  deserve  a  separate  constdera- 
tioD. 

Thus  for  iostancc  I  have  already*  pointed  out  those  little 
spherical  opake  concrctious,  called  sphferuhtes,  which  are 
generally  referred  to  an  incipient  cryBtallization  of  the  mass 
arising  from  a  slower  cooling,  but  Mr.  Darnin,  in  his  account 
of  the  island  of  Ascension t,  lias  described  several  other  varie- 
Hes  of  form  and  structure  : — 

1st.  A  pale  grey,  irregularly  juid  coarsely  laminated,  harsh- 
feehng  rock,  resembling  clay-slate  which  has  been  in  contact 
with  a  trap  dyke,  and  with  a  fracture  of  about  the  same  de- 
gree of  crystalline  structure.  It  is  generally  honeycombed 
vith  irregular,  angular  cavities,  and  is  in  some  cases  marked 
with  thin  whitish  strenks. 

2nd.  Abluiah-grey  or  pale  brown,  homogeneous  stone,  which 
however  is  seen  under  a  lens  to  be  distinctly  crystalline. 

3rd.  A  stoue  Ukc  the  last,  streaked  with  numerous  parallel, 
slightly  tortuous,  white  lines,  of  the  thickness  of  hairs,  which 
are  ascertained  to  consist,  when  white,  of  quartz,  and  when 
green,  of  augite. 

4th.  A  compact  crystalline  rock,  banded  in  straight  lines 
with  innumerable  layers  of  white  and  grey  shades  of  colour, 
varying  in  width  from  the  3%^  ^°  ^^^  sv;;^  "^  ^^  inch,  and 
composed  chiefly  of  felspar,  also  studded  with  minute  black 
specks  which  consist  of  augite. 

5th.  A  compact  heavy  rock  like  greenstone,  not  laminated, 
but  with  an  irregular  angular  fracture,  and  abounding  in 
crystals  of  glassy  felspar.  All  these  varieties  pass  into  each 
other,  and  arc  fusible  alike  into  a  pale  glass.  Tbey  also  in- 
tercalate with  strata  of  obsidian,  and  arc  evidently  connected 
with  it  in  their  origin.  The  latter  also  is  often  striated  with 
layers  of  a  felspathic  rock,  like  an  agate,  or  with  rows  of 
sphicrulites. 

Mr.  Darwin  observes,  on  the  authority  of  Von  Kobeli,  to 
which  he  might  have  added  that  of  Abich,  that  whilst  trachyte 
contains  only  from  05  to  Gi)  per  cent,  of  silica,  pearlstone  con- 
tains 75'G;  obsidian  7fi;  uiarekanite^O'S,  and  spbairulites  about 
the  same ;  so  that  the  formation  of  thin  layers  of  glassy  and 
compact  matter  seems  to  result  from  a  process  of  segregation 

"  Chapter  on  the  Lipari  Islands.  t  Volcanic  Islands. 
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taking  place  in  the  mass,  by  which  a  larger  amount  of  silica  is 
determined  to  particular  parts,  and  a  different  composition,  as 
well  as  a  different  mineralogical  character,  are  imparted  to  the 
several  layers. 

Now  the  lamination  of  trachytic  and  of  other  rocks  of  igneous 
origin  may  arise  from  the  same  cause,  that  cause  being,  in 
Mr.  Darwin^s  opinion,  a  stretching  of  the  portions  of  the  mass 
whilst  slowly  flowing  onwards  in  a  pasty  condition.  It  is 
evident  that  a  viscid  fluid  flowing  down  a  declivity  would  meet 
with  less  obstruction  from  friction  towards  the  centre  of  the 
mass  than  where  it  touched  the  walls :  hence  these  several 
parts  of  the  mass  would  move  with  unequal  velocity,  and  con- 
sequently a  separation  into  layers  would  be  occasioned. 

The  same  effect,  in  short,  would  take  place  in  a  melted  mass 
of  lava  or  obsidian  as  in  a  glacier,  which,,  as  Professor  J.  Forbes 
has  ingeniously  shown,  exhibits  a  laminated  structure,  in  con* 
sequence  of  the  separation  of  its  parts  whilst  running  down 
an  inclined  plane,  owing  to  the  retardation  caused  by  an  ad- 
hesion of  its  external  portions  to  the  rock  on  which  it  rested*. 

It  might  be  expected  that  crystallization  should  commence 
along  the  lines  of  separation  rather  than  in  the  interior  of  the 
mass,  space  being  allowed  between  the  seams  for  the  forma 
peculiar  to  the  mineral  to  develope  themselves,  just  as  we  find 
the  finest  crystals  to  be  produced  in  drusy  cavities. 

The  alternation  therefore  of  vitreous  and  compact  layers 
seems  to  result  from  a  partial  process  of  devitrification  taking 
place  in  the  fused  mass,  and  it  may  assist  our  understanding 
of  the  subject,  if  we  consider  what  are  the  causes  by  which 
this  process  is  favoured. 

Now  it  must  be  recolIected,that  in  every  glass  whilst  in  a  state 
of  fusion  two  antagonist  forces  are  at  work,  namely  the  attrac- 
tion of  aggregation,  which  tends*  to  draw  together  the  crystals 
of  earthy  silicates  that  may  be  formed,  from  the  first  moment 
at  which  the  heat  is  diminished  below  the  point  of  their  fusion, 
and  the  chemical  affinity  subsisting  between  these  crystals  and 
the  alkaline  silicate  with  which  they  are  intermixed,  which 
latter,  so  long  as  it  remains  liquid  from  heat,  has  the  same 
tendency  to  hold  the  earthy  silicates  in  a  state  of  uniform 

*  Travels  through  the  Alps,  p.  157  e/  »eq. 
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diffusion,  which  water  has  to  retain  saline  substances  in  solu 
tion.  But  from  the  moment  that  the  attraction  of  aggregation 
between  the  crj-stals  predominates,  so  that  they  collect  around 
certain  centres,  the  process  of  devitrification  will  commence, 
which  may  either  be  imperfect  when  a  portion  continues  lU 
the  form  of  glass,  or  perfect  when  the  whole  has  passed  into 
B  crystalline  condition. 

Now  two  circumstances  may  be  pointed  out  by  which  this 
devitrifying  process  is  promoted : — the  first,  the  volatility 
which  belongs  at  a  high  temperature  to  the  alkalies,  owing  to 
which  they  wdl  be  slowly  separated  from  their  combinations, 
and  the  sihca  united  with  them  will  be  left  free ;  the  second, 
the  different  degrees  of  fusibihty  appertaining  to  the  several 
minerals  produced,  in  consequence  of  which  they  will  be  de- 
tached one  from  the  other  in  a  greater  or  less  degree,  accord- 
ing to  the  length  of  time  occupied  in  passing  from  one  degree 
of  temperature  to  another. 

The  former  cause  operates  in  artificial  glasses,  and  probably 
in  subaerial  volcanic  products,  and  is  exemplified  in  the  crust 
of  opake  matter  which  frequently  forms  on  the  surface  of  glass 
when  it  has  been  kept  long  exposed  to  heat — the  latter  in  sub- 
marine volcanic  producti,  where,  for  reasons  which  will  be 
stated  presently,  the  rate  of  cooling  will  be  extremely  slow. 

Hence  we  may  account  for  ihc  dificrence  between  the  brit- 
tleness  and  sharpness  of  fracture  which  belong  to  glassy  lavas, 
and  the  toughness  and  ditficiilt  frangibility  which  characterize 
those  of  a  stony  description,  the  latter,  even  where  they  pre- 
sent to  the  eye  an  homogeneous  a|ipearance,  being,  as  has 
been  already  stated,  made  up  of  a  number  of  minute  crystals 
of  at  least  two  different  species,  interlacing  each  other  in  every 
possible  way,  and  thus  givinj;  compactness  to  the  aggrrgate. 

Now,  in  accordance'willi  tiie  above  priiici])k's,  let  us  sup- 
pose this  same  |)rocess  of  couliiig  to  go  on  at  a  still  slower 
rate,  so  that  not  only  minute  crystuis  of  felspar  and  of  augite 
should  be  formed,  as  in  lavas  of  tlic  ordinary  kind,  or  of  a  zeolitic 
mineral,  together  with  augite  and  magnetic  iron,  as  in  basalt, 
but  so  that,  ill  consequence  of  the  loiiger-coiitiuned  fluidity 
of  the  mass,  the  minute  crystals  of  eacli  mineral  should  be 
enabled  to  cluster  round  curtain  nuclei,  so  as  to  form  aggre- 
gates of  appreciable  dimensions;  and  let  us  further  suppose, 
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that  owing  to  the  length  of  time  occupied  in  passing  through 
a  limited  range  of  temperature^  arising  either  from  the  dimen- 
sions of  the  mass  itself,  or  from  its  being  surrounded  by  non- 
conducting substances,  the  crystals  of  the  least  fusible  mineral 
should  arrange  themselves  in  different  parts  of  the  mass,  be- 
fore those  of  the  more  fusible  ones  became  consolidated, — and 
we  may  readily  imagine  that,  under  such  circumstances,  a  still 
further  segregation  of  the  materials  might  take  place,  and  green- 
stone or  porphyry  be  produced.  In  short,  the  several  stages 
of  the  process  appear  to  be  nearly  as  follows :  — 

1st,  That  of  a  perfect  glass,  where  the  particles  are  through- 
out so  regularly  disposed,  as  to  create  no  perceptible  obstruc- 
tion to  the  rays  of  light  by  attracting  them  in  their  passage 
through  more  in  one  direction  than  in  another.  With  this^ 
any  degree  of  crystallization  is  obviously  incompatible ;  and  as 
the  proportions  of  the  ingredients  must  be  definite,  its  exist- 
ence can  scarcely  be  looked  for  except  amongst  artificial  com- 
pounds. 

2nd,  That  of  a  substance  like  obsidian,  where  the  vitreous 
character  exists,  although  the  transparency  is  destroyed  owing 
to  the  intermixture  of  minute  particles  of  opake  bodies  dif- 
fused through  the  mass,  the  proportions  not  being  accurately 
adjusted,  and  the  whole  not  being  held  in  perfect  solution  by 
the  alkaline  silicate. 

3rd,  The  state  of  ordinary  lavas,  in  which  a  partial  segre- 
gation of  parts  has  taken  place,  so  that  the  whole  consists  in 
the  main  of  an  aggregate  of  minute  crystals  of  labradorite  and 
augite,  but  where  nevertheless  the  fracture  at  least  shows^  that 
the  process  of  cooUng  has  been  too  rapid  to  deprive  the  mass 
altogether  of  its  vitreous  character. 

4th,  The  condition  of  basalt,  which  possesses  a  stony  aspect 
and  fracture,  but  coupled  with  an  homogeneous  appearance, 
owing  to  the  intimate  mixture  subsisting  between  the  minute 
crystals  of  augite,  zeolite,  and  magnetic  iron,  one  with  the  other. 

5  th,  Greenstone,  porphyries,  &c.,  where  the  several  mine- 
rals are  sufficiently  distinct,  and  of  dimensions  large  enough 
to  be  distinguishable  by  the  eye,  so  that  the  rock  composed 
of  them  is  said  to  be  granular. 

It  remains  to  be  shown  why  the  three  former  descriptions  of 
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igneous  products  sliould  be  produced  under  the  ordinary 
sure  of  the  atmosjihere,  and  the  latter  chiefly  under  water. 

Now  it  will  not  be  difficult  to  assign  reasons,  wfaj,  althouf^h 
a  body  of  shallow  water,  from  the  more  rapid  cooling  it  would 
occasion,  ia  likely  to  favour  the  formation  of  vitreous  products 
even  more  rcmarknbly  than  that  exposure  to  the  atmosphere 
which  Bubacrial  lavas  under^ ;  yet  deep  water  will  possess 
the  opposite  tendency  so  completely,  that  we  ought  to  meet 
among  submarine  la\a8  few  substances  of  this  description, 
except  where  the  material  has  been  ejected  in  thin  streanu 
into  the  fissures  of  a  rock,  possessing  a  different  temi>erature, 
and  therefore  capable  of  robbing  it  of  its  heat  in  a  rapid  manner. 

In  order  to  understand  this,  we  need  only  recollect  that 
the  cooling  agency  of  water  under  ordinary'  clrcurostances  is 
owing,  not  to  its  being  a  good  conductor  of  caloric,  but  to  the 
circulation  induced  in  the  strata  of  tiiat  fluid  when  heat  ia 
applied  to  it. 

This  circulation  is  effected  in  two  ways :  in  some  degree 
by  the  heated  particles  of  water  at  bottom  becoming  specifi- 
cally lighter, and  consequently  displacing  those  abo^e ;  but  in 
a  still  greater  degree,  owing  to  the  absorption  and  subsequent 
disengagement  of  caloric,  caused  by  the  conversion  of  succes- 
sive portions  of  water  into  steam,  and  their  return  to  their 
origiuid  condition,  when  they  come  into  contact  with  their 
si]peni;it.int  licjiior. 

Now  it  st'ems  almost  a  corolliirv  from  the  taws  established 
by  Sir  James  Hall  mid  utliors.  tjiat  iit  the  bottom  of  the  ocean 
niiiie  iif  tlie  water  ciiukl  be  ciinvertcd  into  steam  ;  for  if,  as 
this  wiitcr  infers,  the  pressure  was  suttieient  to  preserve  water 
cxL-stiii;;  in  the  very  midst  of  the  lava  {whore  the  heat  must  be 
supposed  lo  be  at  its  maximum)  in  a  liquid  furm,  still  more 
completely  wuuld  it  prevent  that,  «liieh  was  ineumbent  on 
the  heated  ma>s,  from  assumiiij:  a  gaseous  condition  in  con- 
sefpience  of  the  heat  couimunicaled  from  below.  It  seems 
]>rob:\bIc  therif'oi'e  tliat,  as  watur  is  in  itself  a  slow  conductor 
of  heat,  tiie  eoolin-  of  submarine  lavas  ought  to  proceed  still 
more  luisnrdy  than  liiaL  of  subaerial  ones  is  found  to  do,  and 
hence  that  tlu'ir  component  jiarts  would  remain  for  a  still 
longer  time  in  that  inlerniediate  condition  between  fluidity 
and  solidity,  duriuff  which,  as  Mr.  Gregory  Watt  and  others 
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have  satisfactorily  shown^  the  particles,  released  from  the  con- 
trolling power  of  cohesive  attraction,  and  yet  brought  within 
distances  favourable  to  the  play  of  their  mutual  affinities,  enter 
most  readily  into  new  combinations,  and  assume  those  cry- 
stalline arrangements  which  are  natural  to  them. 

Perhaps  likewise  the  superior  density  of  submarine  lavas, 
the  general  absence  of  cells,  and  their  not  sending  forth  to  the 
same  extent  those  emanations  of  gaseous  matter  which  appear 
to  proceed  from  modern  currents,  might  contribute  to  the 
same  effect  by  still  further  prolonging  the  period  of  cooling. 

There  is  also  a  principle  in  physics,  of  late  very  beautifully 
illustrated  by  M.  Boutigny  of  Paris*,  which  may  be  applied 
to  the  elucidation  of  the  cause  of  the  slow  cooling  of  sub- 
marine lavas. 

This  is  the  repulsion  exerted  by  any  body  possessing  a 
high  temperatiure  for  a  liquid  placed  upon  its  surface,  which 
is  such  as  to  remove  the  latter  in  a  great  degree  beyond  the 
limits  within  which  it  would  receive  the  heat  transmitted. 
Thus,  if  a  drop  of  water  be  projected  upon  a  red-hot  plate,  it 
does  not  evaporate,  but  rolls  about  in  drops  over  the  surface 
of  the  heated  body,  acquiring  a  temperature  of  no  more  than 
96^,  until  the  plate  cools  down  to  a  low  brown*red  heat,  when 
the  ordinary  process  of  evaporation  commences. 

I  have  ahready  alluded  to  this  principle  in  page  288,  in 
endeavouring  to  account  for  the  circumstances  attending  the 
fatal  explosion,  which  took  place  after  a  certain  interval  upon 
the  entrance  of  a  stream  of  lava  into  a  small  lake  situated  at 
the  foot  of  Mount  Etna. 

Now  let  us  apply  this  to  the  case  of  a  stream  of  lava  poured 
forth  at  the  bottom  of  a  body  of  water  deep  enough  to  control 
by  its  pressure  the  escape  of  vapour.  Would  not,  under  such 
circumstances,  the  progress  of  refrigeration  be  retarded  by  the 
repulsion  exerted  against  the  lower  surface  of  the  water  by  the 
incandescent  matter,  and  by  the  interposition  of  a  stratum  of 
highly  condensed  steam,  which  in  its  confined  state  is  known 
to  be  one  of  the  worst  possible  conductors  of  caloric  ? 

The  same  considerations  may  explain  the  prismatic  struc- 
ture belonging  to  many  traps,  which  I  have  laboured  to  trace 
*  See  the  British  Association  Reports,  vol.  xiv.  p.  27,  Abstracts. 
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to  that  tendency  to  form  spheroidal  coacretioDs,  which  is 
naturally  assumed  by  such  rocka  on  beiog  allowed  to  cool 
slowly,  Instaaces  of  this  same  structure  arc  stated  to  occur 
amongst  modem  volcanic  formations ;  by  Mr.  Scrope,  in  the 
interior  of  tbc  crater  of  VesuviuSj  as  displayed  in  1822;  by 
Breislac  and  others  in  the  lower  portions  of  a  lava-bed  at 
Torre  del  Greco.  It  is  certain  however  that  such  cases  are 
rare,  and  that  those  igneous  rocks  of  recent  origin,  in  which 
an  approach  to  such  a  structure  is  observable,  appeiir  for  the 
most  part  to  have  derived  it  from  the  contraction  occasioned  by 
sudden  cooling,  rather  than  from  the  mutual  pressure  of  sphe- 
roidal concretions  taking  place  during  a  more  gradual  one. 

Such  are  the  columns  of  lava  worked  into  millstones  at 
Niedermennig  near  Andernach,  which  manifest  their  real 
origin  by  gradually  approximating  more  and  more,  until  at  a 
certain  depth  they  become  united  into  one  continuous  mass. 
Such  also  are  the  nide  columns  observed  near  Torre  del  Greco, 
belonging  to  a  bed  of  lava  that  had  flowed  into  the  sea,  the 
result  evidently  of  the  rapid  coohng  thereby  occasioned ;  and 
ia  another  instance  from  the  same  locality,  in  which,  as  Mr. 
Lyell  observes,  "  the  rock  may  rather  be  anid  to  be  divided 
into  numerous  perpendicular  fissures,  than  to  be  prismatic, 
although  the  same  picturesque  effect  is  produced.  In  the 
lava-currents  of  Central  France,  (those  of  the  Vivarais  in  par- 
ticular,) the  uppermost  portion,  often  forty  feet  or  more  in 
thickness,  is  an  anioqthoua  mass  passing  downwards  into  lava 
irregularly  prismatic;  and  undur  this  there  is  a  foundation  of 
regular  and  vertical  columns,  in  that  part  of  the  current  which 
must  have  cooled  most  slowly,  liut  the  lavas  last  mentioned 
are  often  100  feet  or  more  in  thickness,  and  we  cannot  expect 
to  discover  the  same  phajnomenon  in  tlie  shallow  currents  of 
Vesuvius,  allhough  it  may  be  looked  for  in  modern  streams 
in  Iceland,  which  exceed  even  those  of  ancient  France  in 
volume." 

Now  the  greater  frequency  of  prismatic  rocks  in  submarine 
than  in  subaeriai  volcanos  is  explained,  by  reflecling,  that  the 
slow  cooling  essential  to  that  structure, — which  in  the  latter  is 
accidentally,  or  in  a  few  cases,  brought  about  by  the  remark- 
able thickness  of  the  mass  superincumbent,  and  that  only  in 
the    lower    portions   of  the   bed, — is   caused    in   the   former 
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throughout  by  the  vast  pressure  of  the  ocean  above^  whatever 
may  be  the  supposed  thickness  of  the  bed  itself. 

With  regard  to  the  next  point  to  be  considered^  namely 
the  absence  of  craters^  and  the  greater  frequency  of  dykes  in 
trap  rocks,  it  must  be  admitted,  that  we  are  rather  unfavour- 
ably circumstanced  in  order  to  draw  a  correct  comparison 
between  these  and  more  recent  volcanic  products  in  the  latter 
particulars.  The  craters  of  submarine  volcanos,  when  com- 
posed of  loose  fragments,  would  be  exactly  the  portions  most 
likely  to  have  been  swept  away  by  the  currents  of  the  ocean 
or  other  causes ;  whilst  if  they  consisted  of  lavas,  they  might 
indeed  remain,  and  yet  all  vestiges  of  their  original  configura- 
tion be  obliterated  by  the  rocks  superimposed. 

It  would  be  rash  therefore  to  assert  that  craters  never  have 
existed,  because  we  do  not  discover  any  traces  of  them  at 
present.  On  the  other  hand,  it  is  only  where  accidental  cir- 
cumstances reveal  to  us  the  internal  structure  of  a  modem 
volcano  that  we  can  expect  to  find  dykes,  and  there  we  do 
occasionally  meet  with  them.  Thus  they  are  well  known  to 
exist  on  the  side§  of  the  old  crater  of  Monte  Somma,  and 
Mr.  Lyell  has  noticed  the  same  in  that  of  Vesuvius  at  pre- 
sent. Indeed  they  can  hardly  fail  to  occur  when  a  body  of 
liquid  lava  rises  up  into  a  crater,  the  rocks  of  which,  owing 
to  previous  cooling,  have  become  cracked  or  fissured. 

In  order  however  fairly  to  compare  together  the  action  of 
volcanos  of  different  ages  in  this  respect,  we  ought  to  refer  to 
sections  of  some  modem  volcanic  mountain,  taken  at  a  distance 
from  the  crater,  of  which  some  of  the  Lipari  islands  afibrd  us 
good  examples  *,  as  also  does  the  Val  del  Bove  in  Etna^  de- 
scribed by  Mr.  LyeDf- 

There  we  shall  see  dykes,  which,  though  mineralogically 
resembling  modem  lavas,  correspond,  in  their  relation  to  the 
contiguous  rocks,  to  those  described  by  Dr.  Macculloch  in  his 
Western  Islands  as  running  for  a  considerable  space  parallel 
to  the  strata,  though  originating  in  some  great  mass  of  trap 
underneath. 

Nevertheless,  although  it  is  impossible  by  a  direct  appeal 
to  facts  to  establish  beyond  the  reach  of  cavil  the  greater  fre- 

•  See  pp.  249,  260,  252.  t  See  pp.  276,  277. 
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quency  of  dykes  amon^t  submarine  volcniios,  yet  probability 
is  certainly  in  favour  of  such  an  its^umption. 

"  If  volcanic  forces,"  remarks  Professor  Sedgwick*,  "  ever 
bave  acted  on  a  great  scale  upon  unbroken  and  nearly  hori- 
zontal strata,  especially  while  such  strata  were  under  the 
pressure  of  the  sea,  the  formation  of  tabular  and  vertical 
masses  of  lava  appears  a  natural  consequence  of  such  action. 
Where,  on  the  contrary,  the  pressure  of  the  sea  is  removed, 
and  the  crust  of  the  earth  is  broken  through,  volcanic  fluids 
will  find  a  ready  escape,  eruptions  of  lava  will  be  confined 
to  one  spot,  and  the  operations  will  be  of  a  class  altogether 
different." 

The  admission  that  trap  rocks  are  lavas,  tends  very  much 
to  enlarge  our  ideas  with  respect  to  the  extent  of  volcanic 
action  at  different  periods. 

From  the  occurrence  of  these  products  In  connexion  with 
every  secondary  formation,  from  the  earliest  down  to  the 
most  recent,  the  chalk,  it  might  be  concluded  that  volcanic 
action  had  taken  place  during  every  one  of  these  successive 
periods ;  but  except  when  they  can  be  proved  to  stand  in  the 
relation  of  beds  interposed  between  the  strata,  such  an  in- 
ference would  not  be  warranted. 

Let  us  take,  for  example,  the  oldest  rock  with  which  any 
coiisiderabli;  mass  of  Imp  is  associated  in  Great  Britain, 
namely  the  carboniferous  system  of  the  northern  counties, 
and  that  in  the  nui-ldiourhJod  of  Glasgow  end  Edinburgh. 

The  former  of  tliesc,  namely  the  coal-licld  of  Northumber- 
land, is  associated  with  many  very  remarkable  dykes,  over- 
lying masses,  and  apparent  beds  of  trap ;  but  the  most  con- 
siderable of  the  latter,  the  great  Whin-sill,  which  is  seen 
arranged  conformably  with  the  carl)oniferous  limestone  of 
TeesdaJe  and  the  northern  limestones  of  Northumberland, 
has  been  pronounced  by  Professor  Sedgwick  to  be  in  fact  a 
stupendous  dyke,  or  collection  of  dykes,  which  was  injected 
laterally  between  the  strata.  lie  liowever  is  inclined  to  refer 
tlie  injection  of  tliis,  as  well  as  of  the  majority  of  the  trap 
rocks  (if  that  neighbourhood,  to  a  period  antecedent  to  the 
magiicsian  limestone.  Mr.  Hutton  and  Mr.  John  Phillips 
•   Gology  of  HIgliTceBdalf. 
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differ  from  the  Professor  in  their  view  of  the  origin  of  the 
Whin-sill,  regarding  it  as  in  great  measure  formed  by  periodi- 
cal submarine  eruptions  of  lava,  which  took  place  at  intervals 
during  the  deposition  of  the  carboniferous  strata  with  which 
it  is  associated.  On  either  supposition,  therefore,  much  of 
this  extensive  basaltic  formation  is  allowed  to  be  of  a  date  as 
ancient  as  that  of  the  carboniferous  rocks  themselves. 

The  trap  rocks  of  Staffordshire,  on  the  contrary,  constitute 
overlying  masses,  which  may  either  be  contemporaneous  with 
the  coal-measures  on  which  they  rest,  or  may  have  been  of  a 
date  much  posterior. 

Lastly,  the  trap  rocks  near  Glasgow  are  so  connected  with 
those  of  the  Western  Islands,  as  the  latter  again  are  with 
those  of  the  county  of  Antrim,  which  are  posterior  to  the 
chalk,  that  we  should  be  led  to  assign  a  much  later  epoch 
to  their  ejection,  and  likewise  perhaps  to  extend  the  same 
inference  to  those  in  the  vicinity  of  Edinburgh. 

Thus  we  have  three  cases  brought  together,  in  which  trap 
rocks  are  associated  with  the  same  system  of  rocks ;  the  one 
of  which  is  of  a  date  antecedent  to  the  magnesian  limestone, 
or  at  latest  contemporaneous  with  it,  the  third  of  the  same 
age  as  the  chalk,  and  the  second  doubtful. 

In  Derbyshire  we  meet  with  an  apparent  alternation  of 
beds  of  trap  called  toadstone,  which  are  more  generally 
amygdaloidal,  but  occasionally  compact,  with  the  carboniferous 
limestone  formation.  But  before  we  absolutely  decide  that 
the  two  are  contemporaneous,  it  would  be  necessary  to  esta- 
blish more  completely  than  has  yet  been  done,  that  they  are 
conformable.  If  this  be  not  the  case,  they  may  have  been 
ejected  long  subsequently.  On  this  subject  however  we  ex- 
pect to  be  enlightened  shortly  by  the  researches  of  Professor 
John  Phillips. 

The  most  extensive  however,  and  in  all  respects  the  most 
interesting  system  of  trap  rocks  found  within  the  compass  of 
the  United  Kingdom,  is  that  which  occurs  in  the  Western 
Islands  of  Scotland,  and  which  appears  to  be  continued  on 
through  the  county  of  Antrim  in  Ireland. 

It  is  interesting,  not  only  from  the  numerous  sections 
which  its  situation  near  the  coast  supplies,  but  likewise  from 
the  circumstance  that  it  is  not  mixed  up,  as  those  in  other 
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instances  are,  with  the  volcanic  products  of  a  later  period,  no 
remnant  of  the  operations  which  occaBioncd  it  being  discover- 
able, either  by  the  esistence  of  hot  springs,  emanations  of  car- 
bonic acid,  or  even  earthquakes  of  any  remarkable  kind,  in 
the  contiguous  country. 

It  affords  us  therefore  the  means  of  comparinf;  the  effects 
of  submarine  volcanos  with  those  of  subaertal  ones,  and  at 
the  same  time  of  inferring,  on  evidence  as  conclusive  perhaps 
as  the  subject  itself  can  ever  admit  of  being  adduced,  that  vol- 
canic action  has  in  some  instances  expended  itself,  or  at  least 
has  periods  of  rest  beyond  comparison  longer  in  some  cases 
than  in  others.  Now  cither  of  these  suppositions  seems  more 
consistent  with  the  chemical  theory,  which  imagines  a  defi- 
nite quantity  of  combustible  materials  to  be  present  in  par- 
ticular situations,  than  with  the  opposite  one,  which  conceives 
the  existence  of  an  unexhausted  fountain  of  melted  matter 
underneath,  such  as  should  either  gush  out  continually,  or  at 
least  flow  at  intervals  more  approaching  to  regularity. 

The  trap  rocks  of  the  Hebrides  manifest  themselves  under 
all  the  forms  which  have  before  been  alluded  to ;  but  it  would 
seem,  from  the  observations  of  Macculloch  and  others,  that 
the  apparent  alternations  which  have  been  remarked  between 
them  and  the  rocks  of  the  country  are  merely  caused  by 
dykes  intruded  laterally  between  the  fissures  of  the  strata. 
Hence  we  arc  only  sutc  that  a  considerable  part  at  least  of 
these  trap  rocks  is  posterior  to  the  most  recent  of  the  strata 
found  associiitcd  wiih  them,  and  the  latter  would  appear,  from 
the  researches  of  Sir  Rodcrifk  Murchison,  to  belong  to  the 
oolitic  series. 

But  there  is  no  evidence  that  they  may  not  be  much  later; 
for  the  basalts  of  the  Giant's  Causeway,  on  the  opposite  coast 
of  Ireland,  intersect  the  chalk,  and  are  Iheretbre  posterior  to 
that  formation. 

It  is  true  that  Dr.  Macculloch  has  shown,  from  the  occur- 
rence of  trap  nodules  in  a  conglomerate  rock  of  Kcrrera,  th.nt 
traji  rocks  must  have  been  formed  at  a  much  earlier  period*; 
but  as  we  caiuiot  on  any  supposition  refer  the  whole  to  this 
eporh,  wc   are  quite  at  liberty  to  adopt  any  inferences,  to 

■  Weatern  Island?,  vol.  li.  p.  114  H  srij. 
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which  the  facts  may  appear  to  lead^  with  respect  to  the  age 
of  the  principal  portion  of  that  found  in  the  Hebrides. 

Perhaps  therefore  the  Werneriahs  were  not  altogether 
wrong  in  referring  the  great  overlying  masses  of  trap  that 
they  observed  in  Saxony  and  elsewhere  to  one  epoch,  and 
that  the  most  recent  which,  in  the  then  existing  state  of  their 
ignorance  with  respect  to  tertiary  rocks,  they  were  able  to 
recognise,  designating  them  by  the  name  of  the  newest  Jloetz 
trap  formation ;  for  although  we  may  be  compelled  to  acknow- 
ledge that  these  rocks  are  of  several  distinct  periods,  and  that 
in  a  great  majority  of  cases  their  date  is  uncertain,  still  it 
seems  by  no  means  improbable  that  the  most  extensive  erup- 
tions of  submarine  volcanos  took  place  about  the  period  just 
alluded  to. 

This  is  rendered  more  agreeable  to  analogy  when  we  re- 
mark, that  nowhere  have  more  frequent  manifestations  of  vol- 
canic agency  occurred,  than  either  at  a  period  contemporaneous 
with  that  to  which  we  have  supposed  the  trap  rocks  to  belong, 
or  at  one  immediately  subsequent  to  it,  that  is,  during  the 
deposition  of  the  different  tertiary  formations. 

It  is  remarkable  at  least,  that  all  the  extinct  volcanos,  as 
well  as  all  those  now  active,  which  have  been  as  yet  explored, 
may  be  traced  up  to  this  period ;  regarding,  that  is,  as  we  have 
a  right  to  do,  the  volcanic  rocks  of  a  district  as  emanating  from 
the  same  focus  of  action. 

Thus  the  lavas  of  the  Val  di  Noto  alternate  with  rocks  which 
appear  to  be  tertiary,  as  also  do  those  of  Auvergne,  of  Hun- 
gary, of  Styria,  and  of  the  north  of  Italy ;  so  that  whether 
we  set  down  the  trap  rocks  of  the  Hebrides  as  contempora- 
neous with  the  tertiary  formations,  attributing  their  greater 
compactness  to  the  depth  of  water  under  which  they  were 
ejected,  and  from  which  they  may  have  since  been  upraised, 
or  whether  we  prefer  to  consider  them  as  produced  somewhat 
earlier,  still  we  shall  find  equal  reason  for  concluding,  that 
during  the  period  comprised  between  the  date  of  the  deposi- 
tion of  the  chalk  and  that  of  the  creation  of  existing  races  of 
animals,  circumstances  were  peculiarly  favourable  to  the  de- 
velopment of  volcanic  operations. 

It  is  remarkable  too,  that  trachyte,  properly  so  called,  seems 
almost  confined  to  this  intermediate  period;  for  although 
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Humboldt  speaks  doubtfully  as  to  the  position  of  this  rock 
in  the  New  World,  yet  in  the  Old  it  is  found  in  a  number  of 
instances  poattrior  to  some  of  the  tertiary  strata,  and  we 
know  of  no  instance  in  which  it  is  decidedly  proved  to  be  of 
greater  antiquity,  whilst  its  rarity  amongst  lavas  of  modem 
ejection  would  aeem  to  show  that  it  was  not,  under  ordinary 
circumstances,  a  product  of  existing  volcanos. 

Whether  this  circumstance  is  to  be  regarded  as  the  catue  or 
the  e^ecl  of  that  elevation  of  a  large  portion  of  our  continents 
from  the  eca  which  is  supposed  to  have  taken  place  during 
this  epoch*,  it  may  be  difficult  to  say,  but  it  is  certain  that 
both  events  may  be  traced  to  nearly  the  same  period ;  and 
hence  we  observe  amongst  volcanic  rocks  of  this  age,  that 
singular  intermixture  of  compact  with  cellular,  of  glassy  with 
lithold  lavas,  which  at  the  same  time  that  it  affords  the  moat 
decisive  evidence  of  the  igneous  origin  of  trap,  indicates  the 
different  circumstances  under  which  these  rocks  were  formed, 
sometimes  under  the  pressure  of  water,  and  at  other  times 
elevated  above  it. 

Accordingly,  in  the  former  edition  of  this  work  I  ventured 
to  distinguish  volcanic  products  under  three  ditferent  heads, 
according  to  their  respective  epochs  i  and  although  this  clas- 
sification, like  every  other  arlificinl  one,  may  be  expected  in 
some  instances  to  fail  us,  it  «ill  nevertheless  facilitute  our 
general  understanding  of  the  subject  Ktill  to  retain  it. 

The  first  class  then  includes  those  rocks  which  form  the 
immediate  subject  of  the  present  treatise,  beiiig  (iroduced  by 
igneous  action,  under  circumstances  similar  to  those  which 
present  themselves  before  our  eyes. 

These  will  ci)nii>iehend  lavas  or  tcphrines,  obsidians,  pumiee, 
and  more  rarely  trachytes — rocks  which  arc  geiiendly  more  or 
less  cellular,  and  having  tlieir  cells  seldom  occupied  by  crystal- 
line matter.  Although  a  certain  segregation  of  parts  has  taken 
place,  so  that  diatinet  minerals  exist  in  tin;  muss,  yet  they 
have  generally  a  fracture  more  ajiproaching  to  the  vitreous 

"  See  the  mnp  in  the  srconJ  volume  of  Lycll's  Princijiles  of  Gpology. 
1832.  sliowing  the  ixkiit  f(  aurlhce  in  Euto|!c  wliicil  has  been  covoreJ 
by  water  since  the  comini'iici'iiient  of  the  deposition  of  the  oldest  tertiary 
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than  appertains  to  trap  rocks  in  general.    Their  other  charac- 
ters have  been  ahready  sufficiently  dwelt  upon. 

The  second  class  of  volcanic  products  exists  chiefly  asso- 
ciated with  the  tertiary  class  of  formations,  a  large  portion  of 
which  were  deposited  in  lakes  of  fresh  or  salt  water,  of  various 
degrees  of  depth,  and  having  often  dry  land  in  their  imme- 
diate vicinity. 

The  character  of  the  volcanic  rocks  will  therefore  be  in- 
fluenced by  the  difference  of  depth  in  the  water,  and  by  being 
thrown  out,  sometimes  under  the  sea,  sometimes  on  dry 
land.  When  in  the  former  condition  they  will  be  compact 
and  stony,  when  in  the  latter  cellular  and  vitreous,  so  that 
we  may  expect  to  find  great  variations  in  the  characters 
which  rocks  of  this  age  present,  owing  to  differences  in  the 
above  circumstances. 

The  older  volcanic  rocks  of  Auvergne,  those  of  the  Val  di 
Noto  in  Sicily,  those  of  Styria,  and  of  the  Venetian  States, 
may  be  given  as  examples  of  this  second  class  of  products. 

The  third  class  comprehends  those  which  are  associated 
with  all  the  other  rocks  anterior  to  the  tertiary  epoch,  and  are 
distinguished,  as  we  have  seen,  by  those  characters  which 
stamp  them  as  submarine. 

It  would  seem  more  probable  that  they  have  been  ejected 
through  the  medium  of  dykes  than  of  craters ;  not  that  dykes 
are  wanting  in  modern  volcanos,  or  that  craters  may  not  have 
existed  at  all  periods  at  which  there  was  land  elevated  above 
the  level  of  the  waters,  but  that  it  is  most  probable  that  under 
the  pressure  of  the  ocean,  the  molten  flood  would  find  its 
way  upwards  chiefly  through  narrow  channels,  which  would 
remain  filled  by  the  matter  thus  injected  into  them. 

If  craters  had  existed,  they  would  be  effaced  by  the  subse- 
quent changes  which  the  earth  has  undergone,  and  the  only 
relic  of  them  that  met  our  observation  would  be  seen  in  the 
dykes  through  which  the  lava  passed  before  it  reached  the 
sur&ce. 

These  dykes,  it  has  been  remarked,  more  commonly  affect 
the  substance  of  the  contiguous  rock  than  what  are  produced 
by  modem  volcanos. 
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Thus  in  the  neighbourhood  of  basaltic  dykes  of  this  age, 
limestone  is  often  converted  into  marble,  clay 8 tone  into  flinty 
slate,  and  sandstone  into  jasper.  Such  changes  would  aeem 
to  require  for  their  production  something  more  than  the 
common  application  of  a  heated  body,  for  it  is  by  no  means 
no  usual  to  find  a  rock  altered  in  the  parts  nhicli  immediately 
support  a  bed  of  trap,  as  it  is  in  those  which  are  traversed  by 
the  very  same  material  in  the  form  of  a  dyke. 

Perhaps  indeed  the  action  of  a  continncd  stream  of  melted 
matter,  fresh  from  the  focus  of  the  volcano,  might  be  e:tpected 
to  produce  more  decided  efiecta  upon  the  walls  of  the  fissure 
traversed  by  it,  than  would  bo  occasioned  by  a  mass  of  the 
same  spread  out  over  the  cool  and  damp  surface  of  a  nock ; 
since  the  heat  in  the  former  case  must  be  at  once  more  con- 
siderable and  continued  for  a  longer  period.  Even  the  pres- 
sure exerted  upon  the  contiguous  surfaces  by  the  matter 
injected  through  the  rock  may  contribute  in  some  degree  to 
the  sameet^ct;  and  if  there  be  really  that  distinction  between 
dykes  of  older  and  younger  formation  which  has  been  above 
hinted  at,  it  may  be  possible  to  connect  it  with  the  dimi- 
nished force  with  which  the  lava  was  propelled  through  the 
substance  of  the  rock,  when  the  resistance  of  the  ocean  above 
had  been  in  great  measure  taken  off. 

In  the  case  of  the  dykes  of  Monte  Somma,  which,  as  M. 
Necker  remarks,  have  produced  no  change  on  the  contiguous 
stratum,  I  should  attribute  more  to  the  nature  of  the  rock 
which  they  traverse,  than  to  any  dttlerencc  in  the  material 
itself.  It  is  natural  to  expect  that  the  effect  should  be  pro- 
portionate to  the  compactness  of  the  former,  .ind  therefore 
that  a  stream  of  the  same  melted  matter  would  produce  a 
more  decided  alteration  in  passing  through  a  bed  of  granite 
or  limestone,  than  one  of  tulf  or  gravel. 

But  there  is  yet  another  extensive  class  of  igneous  rocks 
which  cannot  be  referred  to  any  one  of  the  three  divisions 
that  have  just  been  laid  down.  These  are  granites,  and  the 
other  felspathic  rocks  of  igneous,  or  so  called  vielamorjihic 
origin,  which  are  found  associ.tted  with  them. 

From  a  general  sense  of  the  marked  difference  between 
their  characters  and  relations,  and  those  of  the  rocks  we  have 
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been  considering,  geologists  are  agreed  in  designating  them 
by  the  name  of  plutonic^  confining  the  term  volcanic  to  the 
acknowledged  products  of  volcanos,  whether  active  or  ex- 
tinct^ subaerial  or  submarine. 

As  a  proof  that  this  line  of  demarcation  is  not  an  arbitrary 
or  artificial  one,  I  will  shortly  state  some  of  the  characters  by 
which  granitic  rocks  are  clearly  distinguished  from  the  pro- 
ducts of  volcanos. 

In  granite  then  there  is  always  an  excess  of  silica  beyond 
what  is  necessary  to  combine  with  the  earthy  and  alkaline 
bases  present.  These  accordingly  are  united  with  the  largest 
quantity  of  silicic  acid  for  which  they  have  an  affinity,  forming 
generally  a  felspathic  mineral  with  three  atoms  of  acid,  namely 
either  orthoclase  or  albite ;  and  in  conjunction  with  this  felspar, 
and  with  a  portion  of  mica,  is  a  considerable  amount  of  silica 
existing  as  quartz,  uncombined  with  any  other  element. 

2ndly.  The  bodies  united  to  silica  in  granite  are  generally 
potass,  soda  and  alumina;  lime  and  magnesia  being  either 
absent,  or  appearing  only  in  minute  quantities. 

3rdly.  If  iron  be  present,  it  is  commonly  in  the  state  of 
peroxide,  seeming  to  show  that  the  mass  had  not  been  ex- 
posed to  hydrogen  or  to  any  other  deoxidizing  agent. 

4thly.  The  minerals  of  which  it  is  made  up  are  for  the 
most  part  distinct,  and  oflen  occur  in  large  crystals  or  con- 
cretions. Hence  the  granular  structure  from  which  it  has  de- 
rived its  name. 

5thly.  The  rock  is  often  intersected  by  mineral  veins,  con- 
taining a  number  of  distinct  substances  that  have  separated 
probably  by  infiltration  from  the  mass. 

6thly.  Although  it  sometimes  passes  into  a  rock  in  which 
hornblende  takes  the  place  of  mica,  yet  augite  is  rarely  pre- 
sent, at  least  as  a  predominant  ingredient. 

And  lastly,  although  it  has  been  found  intruding  itself  into, 
and  overlying  rocks  of  a  very  recent  date,  yet  it  never  has 
been  known  to  be  erupted  in  the  open  air  in  the  manner  in 
which  volcanic  rocks  make  their  appearance. 

The  latter,  on  the  contrary,  show  a  regular  series  of  grada- 
tions from  trachytic  porphyry,  which  is  the  nearest  approach 
to  granite,  and  which  still  contains  a  large  proportion  of  uncom- 
bined silica,  to  trachyte  properly  so  called,  in  which  the  whole 
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of  the  silica  is  united  to  some  basis  or  other,  aod  generally  exisU 
combined  in  the  proportion  of  one  atom  only  instead  of  three. 

From  thence  there  are  various  gradations,  connecting  tra- 
chyte with  greenstone  and  basalt,  owing  to  the  successive 
additions  of  lime  and  magnesia  to  the  alumina,  potass  and 
soda  present  in  the  foregoing  products,  and  determining  the 
formation  of  those  species  of  felspar  which  contain  the  smallest 
amount  of  siUca  and  the  largest  of  lime,  together  with  a  gra- 
dually increasing  quantity  of  augit«  and  magnetic  iron,  in 
which  that  metal  exists  partially  reduced  to  the  state  of  a 
protoxide. 

These  rocks  exhibit  every  gradation  from  a  granular  struc- 
ture analogous  to  that  of  granite,  which  is  developed  in  those 
products  that  have  cooled  slowly,  to  the  vitreous  condition 
which  is  sometimes  seen  amongst  subaerial  lavas. 

Although  llicy  intrude  themselves  into  rocks  of  all  ages, 
there  seems  no  clear  evidence  of  their  having  been  produced 
during  the  primordial  condition  of  our  planet,  as  was  the  case 
with  granite,  nor  do  they  contain  mineral  veins,  except  in  a  few 
rare  instances,"  here  theymake  the  nearest  approach  to  granite. 

Other  distinctions  may  he  easily  gathered  from  the  elabo- 
rate researches  of  Professor  Keilhau,  which,  although  they  may 
not  establish  any  conclusion  so  paradoxical  as  that  of  the  pro- 
duction of  granite  being  independent  of  igneous  action  alto- 
gether, show  at  least  that  the  circumstances  under  which  this 
rock  was  produced  must  ha\c  been  widely  different  from  those 
which  determined  the  formation  of  modern  igneous  products. 

What  these  circumstances  might  be,  1  have  ventured  to 
hint  in  the  course  of  tlie  preceding  chapter;  but  conscious 
of  the  obscurity  that  still  hangs  over  the  subject,  an  obscurity 
which  it  will  require  many  years  more  of  patient  investiga- 
tion even  partially  to  remove,  1  um  now  chiefly  solicitous 
that  the  admission  of  the  igneous  origin  of  granite  may  not 
induce  geologists  to  consider  their  labours  at  an  end,  or  tempt 
them  so  far  to  overlook  the  marked  distinctions  that  exist 
between  these  several  products,  as  to  assume,  without  further 
examination,  that  the  causes  which  operate  in  the  production 
of  volcanos  have  been  also  instrumental  in  building  up  the 
granitic  skeleton  of  our  jilanet. 
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CHAPTER  XLI. 

FINAL  CAUSES  OF  VOLCANOS. 

Voicanos  act  as  safety-valves  by  which  earthquakes  are  prevented — as 
agents  in  elevating  chains  of  mountains — are  instrumental  in  supplying 
plants  with  carbonic  acid — and  with  ammonia. — Formation  of  ammonia 
io  the  interior  of  the  earth. — Volcanos  also  furnish  the  inorganic  con- 
stituents necessary  for  the  food  of  plants — and  in  a  condition  in  which 
they  can  be  slowly  taken  up — render  phosphate  of  lime  soluble  in  water 
— and  evolve  it  from  the  depths  of  the  earth— return  hack  to  the  sur- 
face t)ie  water  which  finds  its  way  into  the  bowels  of  the  earth — con- 
tribute towards  the  formation  of  mineral  veins.— Their  influence  in  com- 
municating fertility  shown  in  the  case  of  the  Campagna  about  Naples. — 
Desolation  caused  by  an  eruption  not  permanent. 

Having  now  completed  my  review  of  the  various  phsenomena 
exhibited  by  volcanos  in  their  various  phases  of  activity,  and 
endeavoured  to  refer  them,  with  as  much  probability  as  the 
nature  of  the  case  admits,  to  a  certain  condition  of  tilings  still 
existing  in  the  internal  mass  of  oiu*  planet,  I  shall  proceed  in 
the  last  place  to  consider  what  great  purposes  in  the  economy 
of  Nature  may  be  fulfilled  by  the  operations  that  have  been 
brought  under  our  notice. 

In  the  first  place,  then,  it  may  be  remarked,  that  whatever 
may  have  been  the  end,  for  the  sake  of  which  an  accumula- 
tion of  inflammable  materials  in  the  interior  of  our  globe  was 
ordained,  their  existence  there,  under  circumstances  which 
admitted  of  their  undergoing  from  time  to  time  inflammation, 
may  teach  us  to  regard  the  production  of  volcanos  not  only  a 
natural  consequence,  but  even  a  useful  provision. 

They  are  the  chimneys,  or  rather  the  safety-valves,  by 
which  elastic  matters  are  permitted  to  discharge  themselves, 
without  causing  too  great  a  strain  upon  the  superficial  strata. 

Where  they  do  not  exist,  they  give  place  to  a  visitation  of 
a  much  more  destructive  nature ;  for  those  who  have  expe- 
rienced a  volcano  and  an  earthquake  will  readily  testify,  that 
the  consequences  of  the  one  are  by  no  comparison  lighter 
and  less  portentous  than  those  of  the  other. 
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The  same  couotrj-  is  indeed  often  exposed  to  this  double 
visitation ;  but  that  the  existence  of  the  volcano  is  even  there 
a  aoiiree  of  good,  appears  from  the  fact  that  the  most  terrible 
effects  are  felt  at  a  certain  distance  from  the  orifice,  although 
the  focus  of  the  actioci  is  probably  not  far  removed  from  the 
ktter. 

The  agitations  which  took  place  during  six  years  at  I^n- 
ccrotc  likewise  show,  how  much  more  destructive  the  effects 
of  subterranean  lire  appear  to  be  where  no  permanent  vent  is 
established. 

But  we  arc  not  driven  in  the  case  before  us  to  regard  vol- 
CRQOS  merely  as  a  remedy  for  a  greater  evil, — aa  expedient  for 
preventing  those  heavier  calamities  which  would  have  re- 
sulted from  the  confinenieut  of  so  tremendous  a  force. 

Without  presuming  to  divine  more  of  the  designs  of  Pro- 
vidence in  the  arrangements  of  the  physical  universe,  than  is 
manifested  to  us  within  the  minute  pointof  space  and  of  time 
that  lies  open  to  our  observation,  I  may  remark,  that  th^  ele- 
vatory  forces  set  in  motion  by  volcanic  action  appear  to  act  a 
most  important  part  in  preparing  the  condition  of  the  earth's 
surface  for  the  reception  of  man  and  olhcr  animals.  Where 
they  have  not  operated,  as  appears  to  be  the  case  in  the  centre 
of  Australasia,  the  level  surface  of  the  land,  receiving  no  fer- 
tilizing streaiiis  from  the  uiouiiliiins,  and  intersected  by  no 
arms  of  the  sen,  or  extensive  lakes,  by  which  a  commuiiiciition 
with  other  parts  of  the  globo  can  he  uiaintiiiiied,  seems  aban- 
doned to  hopeless  sterility,  and  becomes  indeed  almost  inap- 
proachable by  human  enterprise. 

Were  vulcanic  forces  ever  to  become  rife  witliin  this  vast 
continent, — were  a  range  of  Cordilleras  to  stretch  across  its 
now  desolate  surface,  a  new  character  would  be  imparted  to 
its  physiognomy,  and  the  dull  uniformity  of  ils  outline  be 
succeeded  by  the  smiling  aspect  of  a  European  landscape. 

But  without  dwelling  upon  the  beneficial  changes  brought 
about  by  volcanns  in  elevating  large  tracts  of  continent,  and 
in  producing  probably  those  chain:!  of  moinitains  nhich  ex- 
ercise so  important  an  influence  u])on  the  meteorological  con- 
dition of  whole  regions  in  their  vicinitv,  I  niav  point  out  cer- 
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tain  chemical  uses  they  subserve,  not  less  essential  to  organic 
life,  and  perhaps  more  distinctly  referable  to  their  agency. 

I  may  remark  in  the  first  place,  that  the  chemical  properties 
which  distinguish  the  elements  of  bodies^  appear  as  definite 
and  unalterable  as  the  general  laws  which  operate  upon  all 
matter  whatsoever.  There  is  no  more  reason  to  suppose  that 
gold  has  become  more  heavy,  or  iron  more  oxidisable  since  it 
was  first  created,  than  that  the  attraction  of  gravitation  which 
draws  together  the  particles  of  every  kind  of  matter  has  varied 
in  intensity  since  the  beginning  of  time.  Moreover  we  have 
reason  to  believe  that  the  proximate  principles  of  organic 
bodies  are  equally  unchangeable,  and  that,  even  to  the  minute 
quantities  of  inorganic  matter  which  enter  into  their  composi- 
tion, though  consisting  perhaps  of  only  y^^yth  or  even  -nsVir*^ 
part  of  the  whole  bulk,  no  change  either  has  or  can  take  place 
from  that  which  belonged  to  it  originally. 

Now  these' general  principles  once  admitted,  lead  to  some 
important  conclusions. 

They  establish,  in  the  first  place,  the  absolute  dependence 
of  living  bodies  upon  a  constant  and  due  supply  of  all,  even  to 
the  minutest,  of  the  ingredients  which  enter  into  their  consti- 
tution ;  for  they  show  that  these,  if  wanting,  can  neither  be 
generated  by  the  vital  functions  of  the  part,  nor  made  up  for 
by  the  substitution  of  any  other  element  that  may  happen  to 
present  itself:  and  as  the  health  and  even  the  existence  of 
organic  substances  would  be  interfered  with  in  the  event  of  an 
excessive  supply  of  some  of  the  ingredients  which  they  re- 
quire, as  by  an  excess  of  alkali,  of  certain  salts,  of  carbonic 
acid,  or  of  ammonia,  it  is  equally  necessary  that  whilst  the 
latter  are  everywhere  present,  they  should  be  never  in  too 
large  a  quantity. 

Let  us  see  how  this  great  end  is  accomplished  by  Nature 
with  respect  to  the  supply  of  the  most  important  of  these — I 
mean  carbonic  acid. 

It  has  been  wisely  arranged  that  plants  can  exist  in  an 
atmosphere  more  impregnated  with  carbonic  acid  than  animals 
can  do,  and  that  amongst  plants,  those  kinds  which  approach 
nearest  in  form  and  organization  to  the  ones  which  lived 
during  the  period  of  the  coal  formation,  are  most  tolerant  of 
an  excess  of  this  ingredient.     Nevertheless  there  is  doubtless 
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n  point  buyotid  which  the  addition  of  carbonic  Kcid  to  the 
air  could  not  proceed  without  the  extinction  of  every  kind  of 
life,  and  hence  it  is  probable  that  the  whole  amount  of  carbon 
which  ia  now  fixed  in  animals  and  vegetables,  dead  or  alive,  in 
our  coal  basins  as  well  as  in  our  forests,  was  never  at  any  one 
time  present  as  carbonic  acid  in  the  atmosphere. 

There  seems  a  much  greater  probability  that  it  was  gradu- 
ally supplied,  in  proportion  to  the  demand,  by  volcanos,  which, 
as  we  have  seen,  are  at  the  present  time  vamiting  forth  very 
lai^  quantities  of  this  gas,  even  at  times  when  to  an  ordinary 
observer  they  appear  to  be  extinguished.  Whilst  coral  animals 
and  mollusca  of  various  kinds  are  continually  adding  to  the 
amount  of  carbonate  of  Hme  at  the  bottom  of  nhat  is  now  the 
sea,  but  which  will  one  day  doubtless  form  dry  land,  voIchdob 
on  the  other  hand  are  employed  in  redressing  the  balance,  by 
expelling  the  carbonic  acid  from  limestones  of  older  date,  and 
forming  rocks  of  silicate  of  Hme  in  the  place  of  those  com- 
posed of  carbonate. 

It  may  appear  a  bolder  speculation  to  extend  the  same  lu- 
fercnee  to  the  case  of  ammonia,  yet  1  have  the  authority  of 
one  of  the  first  of  modern  chemists  for  asserting,  that  this 
body  cannot  be  formed  by  the  direct  union  of  its  elements 

upon  the  surfucc  of  (lie  rarth,  and  tliiit  nevertheless  through 
ils  medium  the  wliole  of  the  uitrogyn  present  in  plants,  and 
tninsmitted  by  them  to  the  animals  they  nourish,  finds  its  way 
into  the  system  of  both. 

That  ammonia  is  disenpajied  from  volcinos  often  in  large 
quuntitius  is  certain;  that  oiie  of  its  ingredients,  nitrogen^ 
jtciietiates  to  the  depths  at  «hicli  volcanic  processes  are  car- 
ried on,  follows  necessarily  from  its  constant  evohition  from 
tlierma!  springs;  ttuit  hydrogen,  its  other  ingredient,  is  pre- 
sent also,  \\  ill  hardly  admit  of  dispute  ;  and  that  nothing  but 
the  fiirce  of  thi'ir  mutual  elasticity  prevents  these  two  ele- 
ments from  conihiiiing,  seems  implied  from  the  difliculty  of 
deconiposinir  tliciu  whi-ti  once  iniitod.  Is  it  not  then  a  tenable 
hypotJicsis.  that  the  fireat  pressure  Mhich  exists  in  the  interior 
of  the  earth  may  etrect  that  luiion  which  cannot  be  brought 
aliout  near  tlir  surt'acc,  especially  when  it  is  recollected  that 
llif  hydn.gcii  would  l)r  in  a  nascent  condition,  so  that  nothing 
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more  than  the  elasticity  of  the  other  element  would  require 
to  be  overcome  ? 

Supposing  this  question  to  be  answered  in  the  affirmative, 
no  apology  will  be  wanting  for  here  introducing  those  remarks 
upon  this  part  of  the  subject,  which  were  published  in  the 
year  1841,  in  some  Lectures  on  Agriculture  originally  de- 
livered before  the  University  of  Oxford. 

Startling,  I  remarked,  as  the  position  may  appear,  yet  fortified 
as  I  am  on  this  point  by  the  authority  of  Baron  Liebig,  I  shall 
not  scruple  to  suggest  as  a  matter  at  least  of  probable  conjecture, 
that  every  particle  of  carbon  as  well  as  of  nitrogen  which  enters  into 
the  constitution  of  the  plants  and  animals,  either  now  existing,  or 
which  have  exiflted  since  the  beginning  of  time,  may  have  been 
originally  evolved  from  the  interior  of  the  globe. 

The  only  mode  that  suggests  itself  by  which  we  can  escape  ^m 
this  conclusion  consists  in  supposing,  first,  that  when  it  first  pleased 
the  Almighty  to  call  plants  into  existence.  He  at  once  overspread  the 
globe  with  them,  without  availing  himself  of  the  operation  of  se- 
condary causes  to  bring  about  their  dissemination ;  secondly,  that  the 
amount  of  carbon  and  of  nitrogen  contained  in  the  plants  created 
sufficed  for  supplying  the  entire  animal  kingdom,  in  proportion  as  it 
extended  itself,  with  the  organic  matter  which  it  would  require ; 
thirdly,  that  no  increase  to  the  collective  amount  of  the  animal  and 
of  the  vegetable  matter  in  existence  has  taken  place  from  the  first 
period  at  which  they  were  called  into  being  up  to  the  present  time. 

Unless  all  these  three  postulates  be  assumed,  it  seems  difficult  not 
to  attribute  to  gases  evolved  from  inorganic  sources,  the  first  origin 
of  those  organic  matters  of  which  both  plants  and  animals  consist. 

Now  it  will  perhaps  appear  to  some  of  my  readers  futile,  and  even 
almost  presumptuous,  to  go  back,  as  it  were,  to  the  dawn  of  crea- 
tion, and  to  speculate  on  events  that  may  have  occurred  at  the  first 
commencement  of  organic  life. 

Nevertheless,  I  may  be  permitted  to  observe  thus  much,  namely, 
that  analogy  seems  to  favour  the  supposition  of  each  species  of  plant 
having  been  originally  formed  in  one  particular  locality*,  from  whence 
it  spread  itself  gradually  over  a  certain  area,  rather  than  that  the 

*  Mr.  Lyell  proposes  the  following  hypothesis,  as  being  reconcilable 
with  known  facts,  viz.  "  that  each  species  may  have  had  its  origin  in  a  single 
pair  or  individual,  where  an  iodividaal  was  sufficient,  and  that  species  may 
have  been  created  in  succession,  at  such  times  and  in  such  places  as  to 
enable  them  to  multiply  and  endure  for  an  appointed  period,  and  occupy 
an  appointed  space  on  the  globe."— Prtifctp^«  of  Geology,  vol.  ii.  chap.  8. 
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earth  was  at  once,  by  tht  fial  of  the  Almighty,  covered  with  vegeta- 
tion in  the  manner  vae  at  jircsent  behold  it. 

The  humati  race,  ns  we  are  infornicit  by  the  highest  authority,  if 
desceodcd  from  a  eiogle  pair,  and  the  distrihution  of  plant*  and  ani- 
inals,  over  a  ccrtaiQ  definite  area,  would  lecm  to  imply  thut  the  SKine 
WM  the  general  law. 

Analogy  would  also  lead  us  to  suspeet,  that  tlie  extension  of  fpe- 
cies  over  the  earth  origiiuUty  took  place  on  the  same  plan  on  which 
it  i>  conducted  at  present,  wbea  a  new  island  start»  up  in  the  midst 
of  the  ocean,  produced  eiiber  by  a  coral  reef  or  hy  vulcanic  eleratioiD. 
In  theee  ca»es  we  do  not  find  the  whole  surface  at  once  overfpread 
with  plants,  but  we  ran  trace  the  gradual  progress  of  vegetation, 
firom  the  chance  introduction,  of  a  single  seed  perliaps,  of  each  speciee, 
floKted  to  it  hy  curreiiti  or  wafted  by  w^inds. 

Nor  indeed  does  it  eeciu  probable,  that  a  preternatural  cause 
should  have  operated  in  covering  the  earth  with  plants,  when  natural 
ones  are  supposed  to  have  been  instrumental  in  the  formation  of  the 
strata  apon  which  they  grew. 

Since  these  latter  have  been  built  up  gradually,  through  the  suc- 
cessive accumulation  of  mineral  and  organic  deposits,  in  which  act 
Omnipotence  did  not  directly  interpose,  we  should  be  disposed  to 
refer  the  full  development  of  the  former  to  a  slow  disfcraioation  of 
individuals,  in  conformity  with  natural  laws,  and  to  ascribe  to  the  im- 
mediate hand  of  the  Deit}-  only  the  first  introduction  of  encb  species. 

Such  an  exertion  of  creative  power,  as  is  implied  by  suddenly  call- 
ing into  existence  all  the  plaiitE^  of  a  particulttr  period,  seems  the 
more  iiiiprubablc,  when  uc  ricollcet  that  it  niuft  biive  been  repeated 
at  several  successive  epocli!^,  .'ince  «l'  cimnot  suppose  that  the  wiiole 
globe  would  have  been  in  an  equally  forward  condition,  so  as  to  be 
ready  at  the  same  moment  for  tbe  reception  of  a  redundant  vegetation. 

If  however  we  were  to  grant,  that  the  whole  of  tbe  primary  vege- 
tation of  tbe  glolic  bad  started  into  being  at  oiiee,  so  soon  as  the  con- 
ditions of  tbe  earth's  surface  admitted,  we  sliould  be  bound  to  sup- 
po.»e  tbe  cliar:u-tcr  of  tbe  pimits  amdogouf,  ruther  to  those  existing 
in  countries  nut  yet  briiugbt  under  tbe  domiuiun  of  man,  than  to 
those  of  cultivated  districts. 

Now,  it  is  lo  be  reninrked,  that  tbe  plants  most  useful  to  the 
higher  chksses  of  itiiinials,  inasmuch  ns  they  all'ord  tbe  greatest  abun- 
dance of  nourislinmit,  are  comparatively  nirc  in  a  wild  condition, 
and  when  they  occur,  lire  geNinilly  delieient  in  those  principles  on 
which  their  value  iis  iirii(lL>  iif  food  depends. 

The  forests,  wbieb  under  such  circuinsttinees  cover  so  large  a  por- 
tion  of  tbe   Mirfjiec,    euntain   but   a   small   amount  of  nitrogen,   for 
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woody  fibre,  which  constitutes  the  greater  part  of  their  bulk,  is 
wholly  destitute  of  that  principle. 

The  Crucifene,  the  different  species  of  cereal  Grasses,  and  other 
plants  rich  in  nitrogen,  require  for  their  full  development  animal 
manure,  and  therefore,  if  they  had  come  into  being  at  all  at  this  early 
period,  must  have  been  stunted  in  their  growth  and  limited  in  their 
distribution. 

Hence  it  may  be  fairly  doubted,  whether  the  whole  amount  of  the 
plants,  which  existed  at  one  time  on  the  surface  of  the  globe,  would 
have  furnished  azote  enough  for  the  animals  of  any  given  period. 

Thirdly,  it  seems  reasonable  to  suppose  that  civilization  has,  upon 
the  whole,  increased  the  aggregate  of  animal  life,  as  well  as  that  of 
such  vegetables  as  contain  the  largest  quantity  of  nutritious  matter. 

I  am  aware  how  difficult  it  would  be  to  establish  this  last  position 
in  a  manner  perfectly  unexceptionable,  because  the  progress  of  human 
society  is  attended  by  a  corresponding  diminution  in  the  amount  of 
those  animals  and  of  those  plants  which  are  not  dependent  on  man. 
and  it  seems  impossible  to  strike  a  correct  balance  between  the  effects 
attributable  to  these  two  counteracting  causes. 

Nevertheless,  the  following  considerations  may  perhaps  be  allowed 
to  favour  the  opinion  which  I  have  been  advocating. 

There  can  be  little  doubt,  that  within  the  area  embraced  by  cul- 
ture, the  amount  of  nutritious  matter  goes  on  increasing  with  the 
care  bestowed  upon  the  land,  and  that  the  number  of  animals  main- 
tained is  in  consequence  proportionably  increased. 

This  will  be  the  case  on  a  well- managed  farm,  even  where  (being 
situated  at  a  distance  from  a  town)  it  consumes  no  more  manure 
than  is  obtained  on  the  premises.  At  the  end  of  a  centuiy  the  live- 
stock may  be  increased,  the  crops  may  be  more  abimdant  than  they 
were  at  the  beginning,  and  yet  every  year  a  large  quantity  of  carbon 
and  nitrogen  will  have  been  carried  off  in  the  shape  of  the  com  and 
cattle  sold. 

Whence  does  this  excess  of  carbon  and  of  nitrogen  then  proceed  ? 
If  from  the  decomposition  of  animals  and  vegetables  extraneous  to 
the  farm,  other  portions  of  the  globe  must  suffer  in  proportion  to 
what  is  gained  by  those  in  cultivation,  and  hence  the  vegetation,  as 
well  as  the  amount  of  animal  life,  in  regions  which  continue  in  a 
state  of  nature,  will  decrease  in  proportion  to  the  increase  of  those 
brought  under  subjection  to  man. 

But  we  have  not  the  slightest  reason  to  imagine  such  to  be  the 
case,  nor  is  there  any  ground  for  believing,  that  plants  in  a  wild 
condition  are  unable  to  compete  with  cultivated  ones,  in  the  power 
of  supplying  themselves  with  those  principles  which  are  necessary 
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for  thoir  esiatence  :  although  it  be  true  tliut  man,  by  selecting  for 
culture  such  as  afford  bim  the  greatest  amount  of  nutriment,  causes 
more  nitrogen  to  be  abatractcd  from  the  air  than  would  otiierwisc 
happen. 

But  what  appcan  to  me  the  moet  decisive  objection  yet  remains 
to  be  stated. 

Once  grant  with  Liebig,  that  the  nitrogen  wliich  plant!  ]>os6es9 
can  only  be  obtained  by  them  through  the  decomposition  of  ammonia, 
and  it  will  follow,  that  unless  this  gas  be  supplied  from  the  interior 
of  the  globe,  the  quantity  of  organic  matter,  into  which  this  prin- 
ciple enters  as  a  com|)Onenl  part,  will  be  undergoing  a  continual 

For  we  know  of  no  natural  pri>ceaees  taking  place  on  the  surface 
of  the  globe  which  generate  ammonia,  excepting  those  connected 
with  animal  and  vegetable  decomposition ;  whilst  there  are  many, 
such  as  the  combustion  of  various  organic  substances,  which,  by  re- 
■olving  bodies  containing  nitrogen  into  their  constituent  elements, 
would  have  diminished  the  aggregate  amount  of  them  which  might 
have  formerly  existed. 

Some  compensating  process  therefore  is  clearly  required,  and  that, 
if  I  mistake  not,  is  the  disengagement  of  ammouiacal  gas  from  the 
interior  of  the  globe. 

Possibly  however  it  may  be  suggested  as  anotiier  alternative,  that 
the  quantity  of  these  two  gases  which  would  be  required  for  the 
subsistence  of  the  whole  vegetable  and  the  whole  animal  kingdom 
when  first  called  into  bcin^.  and  likewise  all  that  which  might  be 
ni'cessiiry  to  Bu]i[>ly  the  loss  of  ammonia  occiisioned  by  combustion, 
&.(-.  througli  nil  succeeding  ages,  might  have  been  ready  prepared  in 
the  atmos]>here  prior  to  their  crciition. 

But,  independently  of  the  ditliculty  of  cuiiceinng,  in  the  case  of 
ammonia,  by  what  means  the  particles  of  hydrogen  and  of  nitrogen 
could  have  been  brought  to  cumbine  on  the  surface  of  the  globe, 
without  having  been  ]ircviously  deprived  of  their  elastic  condition, 
those  who  propound  this  hypothesis  ought  to  be  prepared  to  show, 
that  an  atmos[ihere,  charged  witli  the  gases  in  question  to  the  ex- 
tent which  is  assumed,  would  not  have  been  fatal  to  beings  possess- 
ing an  organization  analogous  to  that  of  the  existing  races. 

To  confine  ourselves  to  ammonia,  Drs.  Turner  and  Chnstison  have 
shown,  that  less  than  yJfn^th  part  of  this  gas.  introduced  into  air, 
eansL'd,  in  ten  hours,  a  shrivelling  and  drooping  of  the  leaves  of  a 
I)l;uit,  iind  its  subsequent  deatli. 

Ii  niiiy  be  doubted  therefore  whether  even  •joVb^''  1""''  ^^'tiuW  not 
he  too  )iowcrfuI  a  dose  for  the  continuance  of  the  healthy  functions 
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of  the  vegetable  world,  if  permanently  present,  considering  that  the 
juices  of  the  plant,  and  the  moisture  of  the  earth  in  which  it  grows, 
would  be  continually  drawing  from  the  atmosphere  a  constituent  so 
soluble  in  water,  and  thus  presenting  it  in  a  state  of  much  greater 
concentration. 

What  the  amount  of  nitrogen  existing  in  all  the  plants  and  ani- 
mals, either  living  or  preserved  from  decay,  throughout  the  globe 
may  be,  it  would  be  extremely  difficult  to  determine ;  but  admitting 
Liebig's  principles,  it  will  follow  that  the  amount  of  ammonia  ac- 
tually existing  in  the  air  will  represent  the  average  quantity  which 
at  each  moment  of  time  is  disengaged  from  the  organic  matter  of  all 
kinds  undergoing  decomposition. 

llie  quantity  of  ammonia  present  in  the  atmosphere,  under  exist- 
ing circumstances,  wUl  therefore  bear  the  same  ratio  to  that  required 
for  the  maintenance  of  the  whole  animal  and  vegetable  creation  to- 
gether taken,  as  the  amount  of  organic  matter,  at  any  given  time 
undergoing  decomposition,  does  to  that  in  a  state  of  life,  or  of  pre- 
seiTation  from  decay. 

Now  it  may  be  collected,  I  think,  from  Liebig's  statements,  that 
a  pound  of  rain-water  sometimes  contains  as  much  as  one-fourth  of 
a  grain  of  ammonia,  or  about  35*066^^  P^^*  Could  we  tell  therefore 
the  proportion  which  the  quantity  of  organic  matter  undergoing  decay 
bears  to  that  in  a  living  or  sound  condition,  we  might  obtain  the 
means  of  estimating  whether  the  whole  amount  of  nitrogen  existing 
throughout  the  globe,  if  it  were  at  once  diffused  through  the  atmo- 
sphere, would  not  communicate  to  it  deleterious  qualities. 

I  have  said  that  the  onus  probandi  ought  to  rest  witli  those  who 
propound  the  last- mentioned  h3rpothesis,  because  undoubtedly  a  pre- 
sumption would  seem  to  exist  in  favour  of  the  view  for  which  I  have 
myself  contended,  from  our  having  direct  evidence  that  the  evolu- 
tion of  these  gases  from  the  interior  of  the  globe  is  proceeding  con- 
tinually. 

Hence  it  seems  natural  to  attribute,  to  a  phaenomenon  at  once  so 
constant  and  so  general,  some  end  in  the  economy  of  nature,  and  to 
suppose  it  to  have  been  going  on,  like  the  volcanic  processes  which 
produce  it,  without  interruption  from  the  beginning  of  time. 

Granting  then,  what  upon  Liebig's  principles  seems  most  con- 
sistent with  analogy,  namely  that  the  ammonia,  no  less  than  the 
carbonic  acid,  which  formed  the  food  of  the  first  plants,  has  been  pro- 
duced, not  by  processes  of  animal  decay,  but  by  such  as  were  pro* 
ceeding  within  the  globe  prior  to  the  creation  of  living  beings,  the 
notion  of  a  slow  and  continuous  disengagement  of  both  compounds, 
from  the  earliest  period  to  the  present  time,  will  be  received  perhaps 
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as  at  least  the  moat  probable  mode  uf  accoucting  fbr  their  ua&iling 
supply. 

Whilst  it  relieves  us  from  the  dtffieultj  of  supposing  the  atmo- 
sphere surcharged  with  these  gnaea  at  any  one  period,  il  suggests  to 
u*  at  Ihe  »Hme  time  sublime  and  interesting  views  of  the  arrange- 
ments of  the  Deity,  in  thus  having  made  all  things  sub^ervieat  to 
one  common  end,  and  having  ordnined  that  the  mighty  Agents  of 
destruction  which  exist  in  tlie  bowels  of  the  eartii  should  minister, 
like  the  malignant  Genii  of  some  eastern  fable,  to  tbe  wants  and  ne- 
cessities  of  the  living  beings  which  He  has  placed  upon  it«  surfoce. 

These  remarks  however  may  appear  to  my  readers  some- 
what too  speculative  and  fanciful ;  let  us  turn  then  to  certain 
other  uses  of  volcanos  which  are  of  a  more  tangible  and  de- 
monstrative character. 

I  have  already  remarked,  that  whatever  is  necessary  for  the 
constitution  of  organic  principles,  must  be  contained  either  iti 
the  earth  or  in  the  air  with  which  the  living  body  is  in  con- 
tact: but  this  is  not  all ;  they  must  be  exhibited  also  in  a 
soluble  condition,  80  as  to  enter  the  delicate  cells  of  the  plant 
together  with  the  sap. 

Thus  potass,  soda,  certain  earthy  phosphates,  lime,  magne- 
sia, iGust  be  present  wherever  a  healthy  vegetation  proceeds. 
Now  some  of  these  bodies  are  naturally  insoluble  in  water, 
whilst  uthers  arc  dissolvcil  with  snub  readinrss,  that  any  con- 
reiviible  supply  of  tlieni,  in  tbi-Ir  isolated  condition,  would  be 
spefilily  carried  oH'aiid  Hiul  its  way  into  tbe  ocean.  The  first 
therefore  must  lie  rendered  more  sobibic,  the  latter  less  so, 
than  they  are  by  t  bemselves. 

Now  the  manner  in  which  Nature  has  availed  herself  of  the 
instrumentality  of  volcanos  to  etlect  botli  these  opposite  pur- 
poses is  equally  beautiful  and  simple. 

Slie  has  In  the  tirst  place  brouybl  Ui  the  surface,  in  the 
form  of  lava  and  trachyte,  vnst  musses  of  matter  containing 
the  alkalies,  lime  and  niafjnesia,  in  what  I  have  termed,  in  tbe 
lecture*  before  referred  to,  a  donnunt  condllion,  that  Is,  so 
united  by  the  force  of  cohesion  and  of  chemleal  aflinity  as 
not  to  be  readily  disengago<l  and  carrit^d  ol3'  by  watir. 

Where  indeed  these  ingredients  exist  in  a  state  approaching 
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to  the  vitreous,  scarcely  any  length  of  time  will  be  sufficient  to 
decompose  them ;  but  it  is  remarkable,  that  in  submarine  lavas 
or  traps  such  a  condition  does  not  exist,  the  slow  cooling  which 
has  taken  place  in  them  giving  time  for  the  segregation  of  its 
elements,  and  for  the  formation  of  distinct  mineral  compounds. 

Accordingly,  as  has  been  stated  in  a  former  part  of  this 
treatise,  these  products,  as  well  as  a  considerable  portion  of 
stony  lavas,  are  partially  soluble  in  muriatic  acid. 

Now  nature  has  provided,  in  the  carbonic  acid  which  is  so 
copiously  evolved  from  volcanos,  and  which  consequently  im- 
pregnates the  springs  in  those  very  countries  more  particularly 
where  volcanic  products  are  found,  an  agent  capable,  as  com- 
pletely as  muriatic  acid,  though  more  slowly,  of  acting  upon 
these  descriptions  of  rock,  of  separating  the  alkali  and  alka- 
line earths,  and  of  presenting  them  to  the  vessels  of  plants  in 
a  condition  in  which  they  can  be  assimilated. 

Thus  every  volcanic  as  well  as  every  granitic  rock  con- 
tains a  storehouse  of  alkali  for  the  future  exigencies  of  the 
vegetable  world,  whilst  the  former  is  also  charged  with  those 
principles  which  are  often  wanting  in  granite,  but  which  are 
no  less  essential  to  many  plants, — I  mean  lime  and  magnesia. 

Had  the  alkalies  been  present  in  the  ground  in  beds  or 
isolated  masses,  they  would  have  been  speedily  washed  away, 
and  the  vegetables  that  require  them  would  by  this  time  have 
been  restricted  to  the  immediate  vicinity  of  the  ocean. 

In  short,  nature  has  in  this  instance  adopted  an  expedient 
which  a  distinguished  chemist  of  the  present  day  attempted 
to  imitate,  in  the  manufacture  of  a  manure  in  which  the  alka- 
line ingredient  is  rendered  sparingly  soluble  by  uniting  it  with 
carbonate  of  lime,  and  is  thus  prevented  from  being  washed 
away  by  the  rains  before  it  is  required  for  the  uses  of  the 
plant. 

The  same  agency  has  been  called  into  play,  for  rendering 
certain  principles  soluble  which  by  themselves  would  resist 
the  action  of  water. 

Thus,  as  I  have  stated  in  my  Bakerian  Lecture  on  the 
Rotation  of  Crops,  published  in  the  *  Philosophical  Transac- 
tions' for  1845,  and  as  has  been  since  more  fully  shown  by 
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Dumas*  and  by  Dr.  John  Dav_vt,  carbonic  acid  imiiarta  to 
water  the  power  of  dissolving  [thosphalc  uf  lime,  even  ena- 
bling it  to  take  up  those  minute  portions  of  this  Gubstancr, 
which,  according  to  my  own  experiments,  exist  in  the  gene- 
rality of  secondary  limestones. 

Dr.  FownesJ  has  shown  that  phosphate  of  lime  is  present 
in  many  volcanic  products^,  so  that  although  its  immediate 
source  at  the  present  day  may  be  the  coverinf^s  of  crustacea, 
the  bones  of  animals,  the  earthy  residue  of  the  seeds  of  cer- 
tain plants,  which  contribute  to  make  up  the  aggregate  of 
many  secondary  rocks,  yet  these  animals  and  these  plants 
must  have  originally  obtained  this  necessary  principle  from 
the  decomposition  of  volcanic  products  into  the  composition 
of  which  it  entered,  and  along  vrilli  which  it  was  brought  by 
igneous  agency  from  the  interior  of  the  globe. 

In  short,  volcanos  appear  to  be  the  agents  for  bringing  up 
to  the  surface  those  ingredients  which  lie  deep  within  the 
bowels  of  the  earth,  and  which  might  have  been  there  for 
ever  locked  up,  had  it  not  been  for  its  deep-seated  and  explo- 
sive energy. 

There  may  be  something  fimciful  in  what  I  am  next  going 
to  suggest,  with  regard  to  another  end  which  volcanos  may 
be  conjfctured  to  fulfil ;  yet  if  there  be  any  truth  in  the  idea, 

that  the  pressure  of  the  ocean  would  be  constantly  forcing  a 
certain  portion  of  its  waters  through  fissures  into  the  interior 
of  the  earth,  it  would  seem  that  there  ought  to  be  some  com- 
pensating process,  by  which  the  ratio  between  the  sea  and 
land  might  he  preserved  unaltered. 

This  would  perhaps  be  afforded  by  the  action  of  volcanos, 
which  restores  to  the  surface  just  as  much  water  as  had  been 
admitted  to  the  spots  at  which  the  process  is  going  on  ;  for 

*   Comptcs  RoNdus,  Nov.  .10.  1846. 

t  l*roceeiJiiigs  of  ihe  Hoynl  Sociily.  Aptil  23,  1S47. 

1  On  the  Exist.'iic.'  of  nio>|.huiic  Add  in  Rucks  of  igneous  Origin, 
rliil.  Trans,  1844. 

5  The  only  known  insLinceof  an  extensive  bed  of  tills  mineral  is  thnt  in 
Estremaiiura,  esaminoJ  by  Ca|>laiii  Widiliinglon  and  myself.  See  Journ, 
Eng.  Agric.  Sue.  vol.  v.  Ift4,>. 
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although  the  first  effect  of  the  action  may  be  to  decompose 
that  fluid  into  its  constituents,  yet  the  immediate  consequence 
is^  as  we  have  seen,  the  disengagement  of  a  large  volume  of 
sulphuretted  hydrogen  and  sulphurous  acid  gases ;  so  that  by 
the  action  either  of  the  latter  fluid,  or  of  atmospheric  air  upon 
the  former,  the  whole  of  the  hydrogen  of  the  water,  sooner 
or  later,  becomes  re-united  with  oxygen.  This  indeed  is  one 
cause  of  the  quantity  of  steam  given  out  from  the  craters  of 
all  burning  mountains. 

One  other  use  of  volcanos  may  be  suggested,  although  its 
full  discussion  must  be  here  avoided,  as  carrying  us  too  far 
into  the  wide  and  difficult  subject  of  metamarphic  actiq^. 

When  however  we  reflect,  that  modem  volcanic  products 
appear  entirely  deficient  in  the  rarer  metals,  and  that  the 
commoner  ones,  such  as  iron  and  copper,  occur  disseminated 
through  their  substance,  instead  of  being  collected  into  veins 
or  nuclei,  one  cannot  help  conceiving,  that  one  effect  of  the 
long-continned  application  of  heat  upon  the  older  igneous  for- 
mations of  the  globe  might  have  been  that  of  bringing  about 
such  a  segregation  of  the  ingredients,  as  has  given  rise  to  the 
formation  of  mineral  veins,  and  to  local  accumulations  of  me- 
tallic matter. 

If  this  be  the  case,  we  may  regard  volcanic  agency  as  the 
appointed  means,  not  only  of  conveying  to  the  surface  sub- 
stances so  serviceable  to  the  uses  of  civilized  man  as  those 
alluded  to,  but  also  of  presenting  them  in  that  condition  in 
which  alone  their  existence  could  have  been  recognized,  and 
their  properties  in  the  first  instance  made  known  to  him. 

Finally,  with  regard  to  the  products  of  volcanic  action, 
though,  from  the  individual  mischief  they  occasion,  they  can 
hardly  be  viewed  by  the  inhabitants  of  the  country  overspread 
by  them  in  any  other  light  than  as  serious  present  calamities, 
they  do  not  nevertheless  deserve  to  be  considered  as  perma- 
nent or  unmixed  evils,  even  in  their  effects  upon  the  spots 
where  they  occur. 

The  fertility  of  many  volcanic  districts  is  proverbial,  and  it 
may  be  a  question  whether  the  free  extrication  of  carbonic 
add,  possibly  even  of  ammonia,  from  the  ground  in  their 
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neighbourhood,  may  not  esert  a  favourable  influence  upon 
the  aun-ountling  vegetation*. 

All  classical  scholars  recollect  the  luxuriance  attributed  to 
the  lands  of  Campania,  the  '"  vidua  Ve»evo  arvajugo"  which 
in  Pliny's  time  bore  three  crops  in  the  year,  being  sown  once 
with  panic  and  twice  with  wheat;  and  yet  when  allowed 
to  reat  betwixt  crops,  produced  spontaneously  roses  more 
fragrant  than  those  which  resulted  from  cultivation  in  other 
places — "unde  vulgo  dictum"  says  Pliny,  "plus  apud  Cam- 
panos  vtiffvenii,  qnam  apud  aetfros  olei fieri" 

Nor  has  this  land,  like  much  of  that  which  is  found  in  the 
newly-settled  parts  of  America,  lost  its  fertility  by  continued 
cropping,  but  at  the  present  day,  as  of  old,  stands  distin- 
guished even  in  that  highly  famed  region  for  the  abundant 
returns  which  it  yields  to  the  husbandman. 

■■Quantum  autem  anivcrsas  terras  campus  Campanus  autccedit. 
tantum  ijiaum  purs  ejus,  qus  Luborcie  vocantur,  quem  Fhlegreum 
Grieci  appellant." 

It  seems  probable,  that  the  regular  and  general  evolution 
of  carhouic  acid  which  appears  to  take  place  throughout  this 
district, — for  scarcely  a  pit  can  be  sunk  in  any  part  of  it  w  hich 
does  not  become  filled  with  this  gas  to  such  an  extent  as  to 
extinguish  flame, — may  contribute  to  this  remarkable  fertility, 
in  no  less  ;i  degree  perliLi|)a  than  the  peculiar  constitution  uf 
the  soil  which  clianictcriscs  it;  hut  whatever  share  we  may 
please  to  apportion  td  the  one  or  the  other  of  these  causes, 
it  must  at  least  be  achnittcd  that  volc.inic  agency  is  equally 
implied  in  ihcm  both. 

It  is  indeed  true,  that  something  gloomy  .ind  depressing 
strikes  us  in  the  conteiuplation  of  a  volcanic  mountain,  when 
\vc  consider  the  cities  it  has  overwhelmed,  the  fields  it  has 
reduced  to  desolation. 

Yet  if  we  do  not  adopt  the  notion  once  so  jirevalcnt  with 

great,  the  analoiiy  is  i;iiLi|ilctf  lietweoii  tlic  iirranircrieiilu  of  nature  in  suj)- 
plyiiig  from  Ih-Iuw  the  g:aseoii3  luaterials  which  the  crup  rer|uire^  for  its 
gruivtti,  ami  the  [ilaii  nfteii  :i(li)|iteil  by  tlii'  gardener,  of  placing  in  a  vc.-tscl 
uink'rncath  the  ruots  uf  a  ,>lai.t  a  l.mh-  of  animal  manure,  wliich  hv  its 
e!.li[ihitiun^  eumiiiiinjcaie,  tu  it  Uie  very  janie  [irinciples. 
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respect  to  the  speedy  dissolution  of  our  planet ; — if,  regarding 
the  arrangements  of  the  physical  world  designed  with  refer- 
ence to  long  periods  of  time,  we  take  up  the  more  pleasing, 
as  well  as,  I  conceive,  the  more  probable  opinion,  that  a  Globe 
which  required  so  many  ages  to  prepare  for  the  accommo- 
dation of  its  present  inhabitants  is  destined  for  many  ages 
more  to  afford  them  a  suitable  abode*; — there  is  then  a  ground 
of  consolation  in  the  reflection,  that  the  very  lava  which  for 
so  long  a  period  has  spread  the  most  hopeless  sterility  over 
the  ground  it  traverses,  in  process  of  years  crumbles  into  the 
richest  of  soils ;  and  that,  if  we  take  the  case  of  the  neigh- 
bourhood of  Naples  as  that  volcanic  district  with  which  we 
are  best  acquainted,  the  experience  of  what  has  happened 
before  justifies  a  belief,  that  the  inflammable  materials  which 
supply  the  fires  of  Vesuvius  may  ultimately  be  expended,  and 
that  the  Mountain  at  some  future  period  will  return  to  the 
fertile  condition  which  Martial  describes  as  belonging  to  it, 
when  not  its  slopes  only,  but  its  very  heights,  were  covered 
with  vineyards,  and  tne  spots  surrounding  the  actual  crater 
were  considered  the  favourite  resort  of  the  Gods. 

Hie  est  pampineis  viridis  Vesuvius  umbris, 

Sparserat  hie  madidos  nobilis  uva  lacus. 
Hsec  ioca,  quam  Nysse  colles  plus  Bacchus  amavit. 

Hoc  nupcr  Satyri  monte  dedere  chores; 
Hsec  Veneris  sedes,  Lacedsemone  gratior  illi. 

Hie  locus  Herculeo  nomine  clarus  erat. 

*  The  probable  duration  of  the  globe,  or  of  its  present  inhabitants,  is, 
I  believe,  an  open  question  in  theology,  although  the  speedy  extinction  of 
one  or  both  may  have  been  in  all  ag^  a  favourite  topic  with  certain  divines. 
The  latter  however  may  be  reminded,  that  if  their  hearers  cannot  be  de- 
terfed  from  vice,  or  incited  to  piety,  by  the  prospect  of  their  own  inevitable 
dissolution,  they  are  not  likely  to  be  much  influenced  by  having  put  before 
them  that  of  the  world  itself,  which  at  any  rate  is  much  less  certain,  and 
probably  vastly  more  distant. 
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ERRATA.         . 
Pige  17,  DtMiJbr  migDciia  rtad  manguieK. 

—  to,  line  10,  Jbr  uniccompwued  rrad  DOt  MCOmptnied. 
~-    71,  line  3, /or  Htuth  mmJ  north. 

—  213,  liae  19.  imiil  tkt  aardt  otherwise  thu  bf  clectridlr. 

—  218,  line  32,  for  vhicli  nill  be  iftentirdi  meotioaed  rta4  which 

has  just  been  mentioned. 

—  512,  line  6,  for  John  rrad  Jusea. 
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ADDITIONAL    NOTES. 

Page  109. 
On  the  Rhongebirge, 

Nbverth BLESS  Leonhard,  in  the  Description  of  the  Rbongebirge,  pub- 
lished in  his  Zeitschrift  f  iir  Mineralogie  for  1827,  seems  to  countenance  the 
idea  that  a  part  at  least  of  this  chain  is  of  modem,  or  as  I  should  formerly 
have  expressed  it,  of  postdiluvial  origin. 

He  speaks  of  the  crater-shaped  appearance  of  the  neighbourhood  of  the 
Pferdekopf,  which,  he  says,  affords  unequivocal  traces  of  plutonic  revolu- 
tions, and  notices  amongst  the  rocks  masses  of  slaggy.  felspathic  minerals 
hke  those  surrounding  the  Lake  of  Laach. 

This  chain  of  mountains  seems  therefore  still  likely  to  furnish  a  field  for 
geological  inquiry. 

Page  150. 
On  the  Theory  of  Dolomisation. 

The  most  difficult  point  relating  to  the  theory  of  dolomisation  seems  to 
be,  that  of  determining  the  source  from  whence  the  magnesia  present  in 
the  rock  can  have  been  derived. 

In  true  dolomites,  it  must  be  recollected,  this  earth  is  not  confusedly 
mixed  up  with  the  limestone,  but  occurs  blended  with  it  in  atomic  propor- 
tions, viz.  one  atom  of  carbonate  of  lime  combined  with  one  of  carbonate 
of  magnesia.  Now  I  have  found  specimens  of  this  material  at  Gerolstein 
in  the  Eifel  (as  stated  in  page  74)  which  are  full  of  corallines,  so  that  if  the 
limestone  had  been  converted  into  dolomite  at  any  period  subsequent  to  its 
original  deposition,  the  intimate  penetration  of  the  magnesia  which  has  taken 
place  must  have  been  effected  by  some  process  which  did  not  obliterate  the 
structure  of  the  mass. 

Moreover,  in  cases  where  the  dolomite  occurs  at  a  distance  from  any 
igneous  rock,  or  having  beds  of  common  limestone  interposed  between  it 
and  the  latter,  we  should  be  obliged  to  suppose  the  subluned  magnesia  to 
have  diffused  itself  over  a  vast  extent  of  rock,  attaching  itself  to  certain 
portions  only,  and  leaving  others,  through  which  it  must  have  passed,  not 
only  without  uniting  with,  but  even  without  producing  any  change  in  its 
progress  through  them. 

Now,  though  I  do  not  pretend,  that  in  the  present  condition  of  our  che- 

11.1 
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mjral  knowledge  tre  are  Me  altoprClm  to  remove  tbcM  iliffiniltivf, 
ev'ivu  tbcy  mil;  be  iliniiuLshcd  roiiBidernbly,  it  vie  rejett  tbe  ides  ibnt  the 
magnesia  hu  liei-n  deriveii  from  tbe  voleaaic  rock  to  whose  preicnce  the 
dolomiaotioii  is  attribute- 
To  imagine  the  nu^noia  to  have  been  scparateil  by  heat  from  the  mine- 
ndi  ouitaining  it  with  whieh  the  igneoiu  fornuition  is  eominonlv  eharge<l. 
would  seem  to  involve  the  siippositiun,  that  in  the  neighbourhood  of  dolo 
mitic  rocks  sueh  minerals  are  either  wanting  or  ilefidmt,  which  has  never 
yet  hem  pretended ;  and  if  we  asanme  tbe  heat  of  volcanoa  to  be  c^taUe 
of  nihliming  magnesia  in  the  qiiantitiex  required  for  this  hypothesis,  we 
•bnuld  look  for  the  earth  itself  amnngut  the  products  conimonlv  exbaleil 
frora  tlic  craters  of  existing  volrsnos,  and  even  from  recently  ejected  and 
incatidiMcent  lavas. 

If  therefore  we  can  derive  the  magacsia  from  the  original  mnterials  of 
the  limestone  formation  itself,  which  is  partially  converted  into  dolomite, 
we  remove  one  source  of  embarrasament,  whilst  the  other  difficulties  of  the 
jirohlvm  are  at  least  in  no  degree  cnhnnceil. 

Now  it  seems  probable  in  tbe  first  place,  that  seilimentuy  liinestonea 
mutt  originally  have  contuned  minute  portions  of  all  those  ingredients 
ivbicli  cuter  into  the  composition  of  animals  and  vqj^tahles. 

Henry  Rose  indeed  hns  gone  still  turther.  remarking  thM  he  has  reason 
to  lielicve  infinitesimal  quantities  even  of  the  less  common  metals,  such  as 
nipiMT.  to  be  diffused  throughout  the  mineral  kingdom,  wherever  he  has 
looked  for  them ;  at  lemt  by  passing  sulphuretted  hydrogen  through  roiiMS 
nit  of  all  descriptions  that  had  been  iliasolved  in  acids,  he  obtaincil  tracea  of 
the  latter  metal ;  and  we  know  from  the  researches  of  Dr.  Fownes  and  others, 
that  minute  portions  of  phoaphorie  add  exist  in  rocks  of  igneous  origin  no 
!,■«  tbnii  m  Kpdin.ciit.irv  liiiiistoiu's,  ns  indeed  I  have  myself  in  manv  in- 
sl.in.-.'.  ii-n>r(:iLiif.l.  Tlmt  n  e.Ttiiiu  amount  uf  iiiafrnesLii  *tluT>>fore  slmuld 
lir  coi.t,ui»-d  ill  lim<>ili.m-s  of  ucptuiiian  orijrin.  is  no  more  tbim  mi-rht  !«■ 


(■xpirl.'d  fmm  m.nU 

■y.  mid  tiicr.'  w  ill  fiii't  {.■^^  Hint  have  not 

certidn  piT- 

ciitii^iMif  this  .■art! 

diK^euliLl»tl'd  thrau;:lL  tliciii. 

Then-  is  tberefor 

■  ]irescnt  in  tlu'  nirk  itwif  ilie  niati-rinl 

vhich  might 

fiiniish  »  lar^  anmi 

nt  of  .li.lomitc,  and  it  «ccins  at  l.-nst  as  e 

Tsy  to  derive 

it  from  this  sonn'e. 

na  fi'iim  the  i^neou^rock  \vhi<'b  lies  in  soi 

e  cases  eon- 

Now  tlic  nmnncr  iu  uliieh  i  lie  iiiaijiiesia  origiii.illy  disseminated  through 
till'  iiliole  mn^s  is  cletiTmiti.  .1  to  )inrtieiOar  lii'ds.  and  Ihus  hnA  converted 
them  iiitii  diiloiiiites.  mi»'  }H'i'liii]is  l>c  rendered  more  conctivalile  liv  rel'cr- 
.■neo  tn  an  Hiil.ninte  mi'moir  nf  M.  HimM^heV  on  ibe  metHin()r,)hJ,sin  iif 
ri.cks.  n-..,\  fn  tlie  <iei.ln-i,';d  Soei.'lv  of  France  cm  the  Ut  iif  Jimi-  ISlf,, 
<iiu1  )>uhlislinl  ill  their  llull.'liii.  This  author  ptnces  in  a  vm'  I'knr  liL'ht 
ill.-  fiiit.  tli:it  inMl<-,iil;ir  cliiiiiL'O^  h:ive  itniie  on  in  rocks  whirli  ii.re  sub- 
j.-errd  to  he;;!  siil,,c<puiilh  to  llinv  dq^.siliiiii.  even  Hilliont  aet.iid  fusion 
lakiii-|.l,ire  in  llir  riiii;.!iliu'nls.  This  ind.-ni  is  ilhislriitcd  l.y  the  nrtilicial 
l>r-nTss  iif  till-  c-riii,>iif.itioii  (if  iiiin  iiith  charemil.  iibevc  umiuiili.-  piirliim  of 
a  liodv.  Mkirli  it..<lf  »|i|.e»rsiiuiipal)leof  fiisiim.  is  made  to  ii.rva.ie  the  en- 
tire «ul.sliiiiie  i.f  i.  si.liil  mass  cd  melid.  :MHy  "e  not  then  supiHi^e  this  same 
sej^epil ion  of  pints  In  take  (ilnee  in  liniestoiie  vmks  likewise'.'  and  mny 
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not  the  magnesia  previously  disseminated  through  an  extensive  formation 
be  determined  to  particular  layers  during  the  long  continuance  of  a  heat 
inferior  to  that  which  would  be  required  to  fuse  the  limestone,  or  to  ob- 
literate the  traces  of  organization  present  in  it  ? 

If  so,  the  existence  of  dolomites  may  be  connected  with  the  presence  of 
an  igneous  rock  without  deriving  its  magnesian  constituent  from  the  latter 
source,  and  possibly  the  higher  temperature  of  those  portions  of  the  lime- 
stone which  lay  nearest  to  the  source  of  heat  may,  by  enhancing  the  affinity 
subsisting  between  the  carbonate  of  lime  and  carbonate  of  magnesia,  fiivour 
the  formation  of  dolomite  in  those  parts  more  particularly. 

K  there  be  any  truth  in  these  remarks,  dolomisation  would  be  only  a 
particular  case  of  metamorphism,  and  the  determination  of  magnesia  to  indi- 
vidual beds,  or  to  veins  intersecting  certain  rocks,  may  be  analogous  to  the 
production  of  metallic  veins  by  the  segregation  of  metals  disseminated  in 
infinitesimal  quantities  through  a  rock,  so  as  to  occasion  their  collecting 
round  certain  centres,  or  arranging  themselves  along  particular  lines  of 
fissure, — a  wise  provision  of  nature,  without  which  the  rarer  metals  would 
have  remained  for  ever  unknown  to  us,  as  their  existence  would  have  been 
as  little  recognisable  to  our  senses  in  the  older  rocks,  as  they  now  are  in 
modem  lavas,  where  no  such  process  of  segregation  has  as  yet  taken  place. 

I  may  refer  to  Sir  H.  De  la  Beche's  Geological  Manual  for  a  good  sum- 
mary of  the  facts  relating  to  this  subject. 

Page  206. 

On  the  Temple  of  Serapis  at  Puzzuoli. 

My  attention  has  been  recalled  to  the  subject  alluded  to  in  the  above 
page  of  my  Work  by  the  receipt  of  a  copy  of  Mr.  Babbage's  interesting 
"  Observations  on  the  Temple  of  Serapis  at  Puzzuoli  near  Naples,  with  a 
Supplement,"  privately  printed,  1847. 

As  I  have  already  given  in  my  adhesion  to  the  theory  for  which  Mr.  Bab- 
bage  contends,  I  will  merely  remark,  that  he  appears  to  me  to  have  alleged 
strong  objections  to  the  Lagoon  h3rpothe8is  which  I  had  originaUy  adopted, 
and  which  in  the  text  of  the  present  edition  I  stated  to  be  even  at  the  present 
time  defensible.  He  has  also  ingeniously  explained  the  manner  in  which, 
without  supposing  any  fresh  source  of  heat,  the  elevation  of  a  tract  of  land 
might  be  occasioned  by  the  expansion  of  the  subjacent  rocks,  owing  to  the 
isothermal  line,  or  zone  of  equal  temperature,  being  brought  to  a  liigher  level 
than  it  had  previously  occupied  in  the  neighbourhood  of  the  uplifted  tract, 
and  he  has  shown  that  this  rise  of  level  would  be  the  natural  consequence 
of  a  gradual  filling-up  of  the  bed  of  the  sea,  caused  by  the  washing  down 
from  the  contiguous  continents  of  detritus,  consisting  of  materials,  which 
being  worse  conductors  of  heat  than  water,  would  cause  the  temperature  to 
sink  faster  than  it  could  be  restored  from  below. 

This  hypothesis,  it  is  true,  disconnects  the  elevation  of  continents  from 
the  immediate  action  of  volcanic  forces,  according  to  the  view  taken  of  the 
latter  in  the  present  Work,  where  they  are  referred  to  the  extrication  of 
flteam  and  elastic  vapours  generated  by  certain  chemical  processes. 

But  it  is  quite  conceivable,  that  whilst  the  original  source  of  the  heat  may 
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fative  brrn  Tolainic,  the  elcratioD  of  cLTtain  tracts  Mnti^cm*  to  tbe  part« 
M>  lieali^  niay,  ai  reprEscutf  il  bj'  Mr.  Babbage,  have  taken  place,  lonf  after 
the  proeexsci  theinselvee  had  been  intemipfed  or  even  hail  reaaed,  and 
hence  it  i»  perhaps  not  neecmary  to  suppose  volcanos  tii  have  becD  the  ini' 
nicdiBti*  agculi  concerned  in  every  part  of  the  world,  aa  for  instance  in 
Scauilinavia,  where  eIow  elevation  ia  going  on  at  a  great  distance  from  any 
nietivc  volcano. 

1  would  therefore  merel]  enter  my  protest  against  its  being  imagined,  thai 
becatue  internal  beat  may  aflbrd  a  probable  explanatiaii  of  this  one  ptau- 
nomcnuD,  it  i«  to  he  viewed  aa  in  itself  capable  of  solving  every  other, 
aceing;  that  it  fails  even  in  accounting  for  jwroiysmal  elevatii>ns,  being  ap- 
plicable wlcly  lt>  stow  auil  gradual  movements,  and  that  it  leave*  out  of 
sight  altogether  the  various  chemical  phoMiomena  nliich  have  been  brought 
so  prominently  forward  in  the  present  Treatise. 

Mr.  Babbajfe  suggests  in  his  Supplement,  that  the  crater-shaped  appcar- 
aiiccH  presented  by  the  moon's  <liBk  may  as  probably  be  referred  to  coral 
rci^f*  or  lagoon  islanilsas  to  volcanos,  and  undoubtedly  the  apparent  absence 
of  water  and  of  an  atmosphere  creates  qtiite  as  great  a  difficulty  in  the  nay 
of  the  latter  hypothesis  an  of  the  former,  for  we  are  at  a  loss  to  conceive  vol- 
eaaic  action  being  called  forth  without  the  extrication  of  steam  and  elutic 
gasea,  so  that  in  either  case  we  must  assume  both  ait  and  water  to  have  ex- 
isted when  th«  reef  or  the  volcano  was  in  the  act  of  forming,  and  in  either 
are  met  with  the  difflcidty  of  accounting  for  their  absence  at  proKnt. 

Page  230. 

Uriphl  oflhr  Conf  of  Vesuvius. 
Mr.  Pcntland  has  favoured  me  with  the  following  measurements  of  the 

liei^'ht  of  the  cone  of  Vesuvius  tpiken  at  different  [leriods  between  the  liOth 
<ir  Nov.iiil>,T  1S1.>,  (iLiil  llu'  lr,tli,>f  Aii-u.l  IS  17.  liy  IV.ffsMir  .Vninuli- ,.r 
liii-  Uii>;il  Kiiiriu.IT>  of  .Ni.|ik-i.  mut  cuniiiimi»",1.'il  bv  him  to  M.  Amg.>. 

iiioiitilaiu  oils  obliiiiiiii-:  ii]>  1M  iIr'  time  i.l  uliicb  ll..'  lUpoit  tcrminalcs. 

L'Dthof  Novcmbir  1S-1,'>     11^^17  metres. 

;i7th  of  Feljinar\  ISKi  ., 1  ]!'.'ii) 

;i|*tof  Miin-h  ^S^ri    \\3lV-2 

.ithofJuIy  1:<4II    li.'l;i  5 

lllrh  of  Jaumiry  lS-17    1222  .i 

-'9lhoflliirch'lSI7    12,-;(iS 

IClhof  August  1SI7  1210  1 

.hn.Mii-:m  Incmisp  ofhoi-ht  wilhiii  th.'  fast  >unv  mid  n  half  cqiml  lo  .'iW--! 

mi(rL-..."or»biiLH  lHJifoft, 


Pr-/,....«, 

r  B„a>>>^«  on  Icela. 

nW. 

Si]i,c  111,,  p 

mrdiML'  ini;:.-^  ",■ 

■lit  through  the  pi 

r.-s».  I  hav. 

c  recf  iv 

e.l  fro 

L'r,.f,.sv,r    \\,» 

iM'ti  i.f  Miu'liiir^' 

t«o  piiiiipbli'ts  n 

■latiiij;  in 

tlic  joii 

incv 

l<vlHMa»hii-b 

1,.'  umh'l'ln„k  III 

ISIIi.  M  ihi'  dcMr 

i'mid  iMlb 

til,'  as 

si  St  am 
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(lic  Kmu'  ill  IVn 
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PROFESSOR  BUNSBN  ON  ICELAND.  7ll 

The  first  of  these  pamphlets  is  in  the  shape  of  a  letter  addressed  to  Ber- 
zelius ;  the  second  is  a  memoir  which  was  originally  puhhshed  in  Liebig's 
Annalen,  entitled  "  On  the  Pseudo-volcanic  Phsenomena  of  Iceland ; "  and 
although  both  the  one  and  the  other  appear  to  be  preliminary  to  that 
more  full  statement  of  his  views  which  may  be  expected  from  him,  so  soon 
as  he  has  brought  to  a  close  the  investigations  connected  with  the  subject  of 
his  mission  which  he  is  now  pursuing  in  his  laboratory,  they  may  be  recom- 
mended to  geologists  as  well-worthy  their  attentive  perusal.  On  many 
points  upon  which  he  has  entered  I  am  glad  to  be  able  to  cite  him  as  an 
authority  in  my  favour — as  for  example  with  reference  to  the  abundant  ex- 
trication of  sulphuretted  hydrogen  and  sulphurous  acid  gases  from  the  vol- 
canos  as  well  as  from  the  thermal  springs  of  the  island — the  impossibiUty 
of  supposing  the  former  to  be  owing  to  the  decomposition  of  sulphuric 
acid  by  organic  matter — the  exclusive  derivation  from  the  decomposition 
of  these  gases  of  the  sulphur  deposited — and  the  frequent  disengagement 
both  of  sal-ammoniac  and  of  nitrogen  gases  during  all  the  phases  of  vol- 
canic action. 

On  one  question  indeed  there  is  a  real,  and  on  another  an  apparent  dis- 
crepancy between  our  respective  views. 

The  sal-ammoniac  of  the  Iceland  volcanos  Professor  fiunsen  supposes 
to  be  derived,  not  from  the  interior  of  the  earth,  but  from  the  action  of  the 
heated  materials  ejected,  upon  vegetable  substances  with  which  it  may  have 
come  into  contact  upon  the  earth's  surface.  This  is  a  real  point  of  differ- 
ence ;  but  as  the  question  has  been  already  discussed  in  the  course  of  this 
work,  I  will  not  here  pause  to  consider  it. 

With  respect  however  to  the  source  of  the  nitrogen,  which  Bunsen  sup- 
poses to  have  been  carried  along  with  the  atmospheric  water  which  finds 
its  way  down  to  the  entrails  of  the  volcano,  my  views  and  his  do  not  essen- 
tially differ,  although  they  may  at  first  sight  appear  to  do  so. 

It  is  indeed  of  no  importance,  whether  we  derive  the  nitrogen  from 
atmospheric  air  which  may  reach  the  interior  of  the  earth,  or  from  the 
water  impregnated  with  this  element  which  reaches  the  same  destination. 
In  both  these  ways  probably  atmospheric  air  is  conveyed  to  the  focus  of 
the  volcanic  action ;  but  on  either  supposition  we  have  equally  to  explain 
the  cause  of  the  abstraction  of  that  amount  of  oi^ygen  which  must  have 
entered  into  its  composition. 

Indeed,  as  the  proportion  of  oxygen  is  greater  in  rain-water  than  it  is  in 
the  atmosphere,  the  one  being  thirty-two,  the  other  only  twenty-one  per 
cent. — ^by  a  wise  provision  of  nature  intended  apparently  to  favour  the  pro- 
cesses of  internal  oxygenation — the  necessity  of  resorting  to  some  theory 
which  will  enable  us  to  account  for  the  nitrogen  returning  almost  pure  to 
the  surface  is  even  greater  in  the  one  case  than  in  the  other. 

Passing  over  these  theoretical  differences,  I  will  briefly  notice  a  few  other 
points  in  which  Professor  Bunsen  appears  to  have  thrown  important  light 
upon  the  phienomena  of  volcanos. 

The  whole  of  Iceland  he  regards  as  a  table-land,  possessing  an  undulatory 
surface,  and  sinking  gradually  on  all  sides  towards  the  coast.  It  consti- 
tutes in  the  centre  of  the  island  a  perfect  desert,  there  being  a  tract  of  no 
less  than  forty  leagues  continuously,  which  is  utterly  destitute  of  any 


r 
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thrub  or  pv«ii  thing  which  roulil  «i 
•uil  (iv«  wliich  therefore  the  trurclliT 
on  his  n»d. 

The  whole  is  hestivwed  not  oiilj  with  miiwies  ejertcd  fiuni  the  »i 
volcanos.  but  slao  with  houldcn  that  cennot  be  attribiiteil  to  nieh  s  •onrve. 

They  indicate  in  the  opinion  of  man]!  that  the  whole  surface  of  the  idand 
was  onee  ratvered  with  bqow  and  glBciers, — a  striking  evidence,  ei  it  thonld 
vccrm,  in  confirmation  of  the  gtacirr  period  supposed  by  Agasiix  and  othen 
to  have  eitiated  through  the  northern  lieuiiaphere. 

At  present  pcrpetiuil  snow  is  coulined  to  the  JokuUs,  which  tower  con- 
■iderably  above  the  table-land  jiut  spoken  of,  and  constitute  the  principal 
active  veutl  of  the  ieUnil. 

In  alluiiun  to  the  discovery  of  Ehrenberg  as  to  infusoria  being  found  in 
the  Rsbea  of  the  volcano,  he  points  out,  that  the  penty  and  marshy  land 
common  in  the  lower  parts  of  Iceland  contains  abundance  of  theM:  aui- 
malculcR,  anil  that  the  high  winds  that  prevail  may  have  been  the  means 
of  earrying  to  the  r^ou  of  the  volcanos  portions  of  the  soil,  whicli,  with 
the  infusoria  in  question,  would  become  mixed  with  the  volcanic  products, 
and  thus  may  have  given  rise  to  the  iDistake. 

But  the  greater  and  more  novel  pari  of  ills  remarks  has  refereufe  to 
the  action  of  tliennal  waters  in  modifying  the  Ktmcture  of  various  volcanic 
products. 

None  of  the  rolcnnic  rocks  of  the  isUnd  are  capable  of  restating  the  d<^- 
compoiing  influence  of  hot  water,  which,  whether  it  comes  into  contact 
with  that  peculiar  kind  of  tuff  called  PaUgonitc,  of  which  a  brief  mentiuu 
lias  already  been  made,  p.  313 — with  the  clinkstone  and  bactiyte — with 
the  oilier  trap  which  has  been  ejected  through  the  clinkstone — with  the 
basaltic  eruptions  subsequent  to  the  clinkstone^ — or  lastly,  with  Uie  neweat 

siroiiaan  ]>ri>diicts  siiii  si)  nliiiiidHiith  in  tlic  cmtfis  of  lli'cla  and  Krablii, 


Ihumsfjvis  iiitii  iic'id  and  Icisii-  silirates.  The  formor  become  dissolved  in 
Ihc  iviitiT.  frnm  iiliji'li  lliey  !ir>'  n-siiiii  dq>.«ited  in  the  form  of  siliceous 
sinti.rs,  S:c. ;  the  l.ittir  funii  lie.ls  .if  clay  insoluble  in  ivnler.  nud  coiiSC- 
qutiitly  deposilcd  n>.  such  voiiiul  the  ^|..>ls. 

The  [insea  llmt  hccoi1i|kiliv  Ihe  jleiini  ecmtriliute  also  to  form  new  ]iro- 

Wheu  sulpliiiri'ttcii  hyilnii;en   |ireiloiuiiiat<'s.  iron  ]iyrites  is  [rcncmlcil 
ill  ;ibiiiid»iicc ;  ulicu  Milphurou.s  acid  prciiiiU,  alum,  (.'vpsum  and  ^iuiilnr 


'I'hc  «■» 

efnl  study  of  Ihc  action  of  those  fiuHimdes  which  arc  so  eoniu 

Ihniiiflho 

It  this  iskrul.  cnrrics  ua  back  to  im.cMimi nation  of  the  theatr. 

that  <:i'eii 

volcanic  eala^llO|lhe,  «liicli  forei'd  ihc  trap  tliroii[;li  the  luff 

cliiikston 

,  uiid  sjircnd  itoMT  the  siirl'iici;  of  these  rocks  in  eMcusive  hi 

■\Vhrn 

likes  <>)■  elhik-ii)iR>  .ir  ofilic  older  trap  traverse   the  tuff. 

hitter  for 

sevt-nil  feit  IVmii  it  ^llo«s  jif^ns  of  fusion,  and  is  converted 

n  siirt  i>f 

)l)si.liaii  iir  pitehM.mc;  but  uiicu  «c  observe  beds  of  trap  ni  c 

t  Willi  the  tuir.  • 
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narrowly  examining  the  tuff  however,  we  find  as  the  predominant  mass 
a  very  easily  fusible  silicate  containing  water,  which  therefore  has  retained 
its  original  character  even  to  its  aqueous  constitution,  although  in  imme- 
diate contact  with  melted  trap. 

Still  more  extraordinary  appear,  on  further  examination,  the  innume- 
rable cells  of  the  amygdaloid  alternating  with  the  tuff  and  trap,  which  are 
covered,  and  sometimes  filled,  with  calc  spar,  zeolites,  and  other  silicates 
charged  with  water. 

As  the  tuff  always  contains  water,  we  need  not  wonder  that  the  inferior 
surface  of  a  liquid  mass  of  lava  poured  over  it  in  a  horizontal  bed,  should 
be  cooled  down  in  such  a  manner  by  the  vapour  disengaged,  as  to  be  able 
to  exert  no  action  in  reducing  the  subjacent  tuff  to  a  state  of  fusion ; 
whereas  the  same  material,  when  it  traversed  a  fissure  in  the  rock  as  a 
dyke,  might  convert  it  into  pitchstone  or  obsidian,  in  consequence  of 
having  repelled  the  water  from  the  surface  of  the  rock  with  which  it  was 
in  contact. 

According  to  this  view  of  the  case,  we  ought  to  be  able  to  trace  the  action 
of  these  fumaroles  even  on  the  oldest  volcanic  products  of  the  island,  and 
this  is  found  to  be  the  case,  for  the  amygdaloids,  so  rich  in  hydrous  sili- 
cates, which  alternate  with  the  tuff  and  trap,  afford  evidences  of  deposi- 
tions similar  to  those  from  the  thermal  springs  at  the  present  day. 

We  perceive  proofs  of  a  metamorphosis  of  the  original  stone  taking 
place  on  the  lines  of  contact  between  the  beds  of  trap  and  tuff.  Consist- 
ing, in  the  main,  of  a  ferruginous  or  siliceous  clay,  they  pass  through 
numerous  changes  into  the  unaltered  beds  of  the  two  rocks  which  bound 
them.  Iron  pyrites,  chalcedony  and  opal,  the  characteristic  accompani- 
ments of  the  ^maroles,  scarcely  ever  are  wanting,  and  in  short  everything 
leads  to  the  conclusion  that  this  remarkable  alternation  of  neptunian  and 
plutonic  formations  is  to  be  ascribed  to  the  action  of  vapours  consequent 
upon  the  volcanic  eruption,  that  the  original  rock  was  by  their  influence 
converted  into  soluble  and  insoluble  silicates,  and  that  in  this  manner  the 
amygdaloids  were  produced.  Thus  might  the  plastic  clay  generated  be 
filled,  through  the  vapours  and  gases  emitted,  with  mnumerable  cells,  in 
which  we  should  find  those  products  of  the  crystallization  of  the  soluble 
silicates  which  pervade  the  clay  as  complementary  constituents  of  the 
original  material. 

The  abundance  of  infusoria  met  with  in  this  tuff  may  be  explained  by 
the  infiltration  through  the  rock  of  steam,  which  would  be  favourable  to 
the  growth  of  such  animalcules.  Thus  the  Palagonite,  which,  as  is  stated 
in  the  text,  resembles  pitchstone,  but  is  in  fact  an  hydrous  silicate,  having 
the  composition  of 


Mg* 

Ca« 

Ka» 


(Fe 
-   }'Si+9H, 

Na»- 
seems  iiill  of  infusoria,  introduced  in  it  at  the  time  when  the  material 
firom  which  it  was  derived  was  experiencing  the  action  of  warm  vapours. 
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lu  ibolt,  ■  careful  study  of  the  actioa  of  ■teun  and  hot  watm,  wllkt 
IiM  htrre  l>ccii  briclly  Blinded  to,  is  catmli.tt'il  to  ihron-  much  light  on  the 
pruduction  of  many  rocks  and  minerals  that  occur  in  the  Tolcanic  fonna~ 
tions  of  nil  ages  aud  countries. 

Professor  Buniten  has  brought  away  with  hint,  in  bermrtirKlly-Kaled 
fliLska,  more  than  a  liuntlred  samples  of  the  gnaes  evolved  &om  the  Tolcanoa 
aud  thermal  waters  of  Icflaud,  so  tliat  we  may  expect  much  accurate  in- 
formation with  respect  to  the  aerifona  product!  of  iuterual  dicmical  action 
from  Uii*  quarter. 

Page  360. 
On  the  Prriod  x/J  the  Fonnalum  of  thr  Dead  Sm. 

lu  Dr.  John  Wilson's  "  Lands  of  the  Rihle"  just  pubhahed,  a  different 
view  \s  taken  of  the  formation  of  tlie  Dead  Sea,  than  the  one  I  liave  \ea- 
tured  u)Kni  in  the  text.  This  author  remarks,  that  if  the  destruction  of 
the  citii^  alluded  to  was  accompanied  with  a  sinking  of  the  entire  valley  to 
a  dejith  of  1312  feet  hclow  its  former  level,  which  Lieut.  Sytnonda'  recent 
admeaiuremeDts  appear  to  liare  ascertained  to  be  the  real  amount  of  the 
deprujuon,  the  whole  of  the  lands  of  Canaan,  Moah,  Ammou.  aud  the 
Desert  must  have  been  nmvulsed,  and  tlieir  inhabitants  destroyed.  But 
Lot,  we  are  told,  eaca)icd  to  Zoar,  a  city  quite  proximate  to  Smiom,  and 
waa  mfe  there;  whikt  Abraham,  living  in  the  plaint  of  Mamre,  near 
Hohron,  had  practical  cognizatice  of  the  threatened  vengeance  of  God  only 
by  "  bcliuldiDg  the  smoke  of  the  country  piiog  up  like  the  araoke  of  a 
ftunace." 

Hence  Dr.  Wilson  concludea  that  the  valley  of  the  Jordan,  together  with 
the  Wadi  Arabah.  which  extends  sputbivnrds  from  ibe  Deail  Sea  to  the  Gulf 
of  Akaba,  is  a  fissure  made  by  volcanic  and  basaltic  eruptions,  fon^  bffort 
Ihe  rncc  nf  mna  njiprfrptl  iijuiii  Ihi-  (jhibe. 

This  »L"ipi.c,,.itii.ii  ..f  Dr.  \VJl«)ii-.  lumi'ViT  is  ojini.  hs  it  n].p«ri  to  in.-, 
to  more  serious  .lilli<-uUi.<  ll.aii  tlii.«.  W  h.is  mlvuiuvd  :i;,iiiiist  iiiv  hv[>o- 
llicsis.  I'Voui  llio  im.uu'iit  til.-  Miikiiif.-  ..r  tli,^  vitUov  t..i)k  jiliicc.  ul'l  ..iiikt 
for  tlif  iv»t.-r«  ci|-  thi>  Jordan  iiiu-(  liaiv  Ij.'.'n  r,>u.!,Tnl  Liii].c)ssil)lc.  Thi-v 
must  llimfiuv  liiin-  f-riuc  ou  iiiciiiuuliiliii^- until  tin.' surf^c-of  tlicivsullin'i: 


til 

uiidnbk 

<liltjc 

Itio 

Oh  V.,/coi>ir  .IppraraHces  i«  tlie  XfhjIihimrliQod  uf  Ihe  R«l  hVn. 
'Wk   lrlitli>i>phiifri  of  the  ciivinins  of  Piolouiiiis,  in  tlie  Tliebnkl.  | 
T\-vA  III  ilic  imu'  i)f  AjtiithiirciiU-s  ilie  remenibmucc  of  an  ciirthquB 
iritiLr  «liicli  the  sra  mis  left  .try,   (S.t  DLod.  SicLiliis  lib.  iii.  csy.  i.i 
■fliiil    tlu    lolliiiMiLf:  ]iliiiii.imcLi:i  abo.  tlic  kiui^lcdw  of  HliJrIi  1  oiv< 
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my  friend  Mr.  Gray,  of  University  College,  Oxford,  is  connected  with  any- 
thing volcanic,  may  be  uncertain ;  but  as  it  is  curious  in  itself,  I  shall  in- 
sert his  account  of  it,  which  was  extracted  from  the  newspaper  called 
"  L'Ermite  du  Mont  Liban,"  published  by  M.  Regnault,  French  Consul 
at  Tripoli  in  Syria,  and  is  as  follows : — 

No.  16,  September  1820. — "M.  Fran9ois  George  Gray,  voyageur  Anglais, 
qui  a  visits  V^gypte  et  T  Arabic  P^tr^e,  a  bien  voulu  nous  faire  part,  dans 
son  passage  au  Mont  Liban,  d'un  ph^nom^ne  qu'il  a  observ^  avec  la  plus 
grande  surprise  dans  un  endroit  appeU^  '  Nakous,'  c'est  k  dire  '  cloche,*  k 
trois  lieues  de  Tor  sur  la  Mer  Rouge.  Cet  endroit  reconvert  de  sable, 
environn^  de  rochers  has  en  forme  d'amphithe&tre,  ofire  une  pente  rapide 
vers  la  mer  dont  il  est  ^oignd  d'un  demi  mille,  et  pent  avoir  trois  cents 
pieds  de  hauteur  sur  quatre-vingts  de  largeur.  On  lui  a  donn^  le  nom  de 
Cloche,  parcequ'il  rend  des  sons,  non  comme  faisait  autrefois  la  statue  de 
Memnon,  au  lever  du  soleil,  mais  k  toute  heure  du  jour  et  de  la  nuit  et 
dans  toutes  les  saisons.  La  premiere  fois  qu'y  alia  M.  Gray,  il  entendit  au 
bout  d'un  quart  d'heure  un  son  doux  et  continu  sous  ses  pieds, — son,  qui 
en  augmentant  ressembla  k  celui  d'une  cloche  qu'on  frappe,  et  qui  devient 
si  fort  en  cinq  minutes,  qu'il  fit  detacher  du  sable,  et  efiVaya  les  chamaux 
jusqu'k  les  mettre  en  fureur. 

"  M.  Qmy,  curieux  de  d^couvrir  la  cause  de  ce  phdnom^ne,  dont  aucun 
voyageur  n'a  parl^,  retouma  au  m^me  endroit  le  lendemain,  et  resta  une 
heure  k  attendre  le  son,  qui  vient  en  effet,  mais  beaucoup  moins  fort. 
Comme  le  ciel  ^tait  serein,  I'air  calme,  il  reconnut,  qu'on  ne  pouvait  attri- 
buer  ce  son  k  I'introduction  de  Fair  exterieur ;  d'ailleurs  il  n'avait  point 
remarqu^  de  fente,  par  o\X  il  put  p^n^trer.  Les  Arabes  du  d^ert,  dont  il 
voulut  connoitre  Topinion,  I'assur^nt,  qu'il  y  avait  sous  terre  un  convent 
de  moines  miraculeusement  entretenue,  et  que  le  son,  que  I'on  entendait, 
n'^tait  autre  que  celui  de  leur  cloche.  Des  personnes  moins  port^  pour 
les  miracles,  pourraient  conjecturer,  qu'il  provient  d*accidens  volcaniques, 
a  cause  des  eaux  thermales  qu'on  trouve  sur  cette  c6te,  notamment  celles 
bien  connues  d'Hammam  Pharaoun  (des  Bains  de  Pharaon)." 

Mr.  Gray,  in  a  letter  to  me,  observes : — "  The  camels  are  an  addition  of 
M.  Regnault's,  as  I  had  none  with  me ;  but  I  recollect  repeating  to  him 
what  the  people  of  Tor  told  me  respecting  the  effect  of  the  sound  upon 
these  animals,  and  hence,  I  suppose,  arose  this  Uttle  amplification.  I  beg 
leave  to  direct  your  attention  particularly  to  the  sound  which  I4>pearcd  to 
me  so  extraordinary ; — it  did  commence,  as  M.  Regnault  says,  in  a  low 
continuous  murmur,  and  then  changed  into  pulsations  as  it  became  louder." 

Seetzen  (in  Zach's  Ephemerides,  October  1812)  gives  a  similar  account 
of  this  place.  It  is  worth  inquiring,  whether  the  noise  may  not  proceed 
from  the  same  cause  as  that  of  the  Statue  of  Memnon,  which  is  sup- 
posed to  have  stood  on  a  sandstone  rock.  (See  Keferstein,  Beitrage  zur 
Geschichte  und  Kenntniss  des  Basaltes,  Ite  Theil.)  It  is  probable  that 
the  sound  in  that  case  proceeded,  not  from  the  statue  itself,  but  from  the 
ground  on  which  it  was  erected. 

The  French  naturahsts  who  accompanied  Buonaparte  heard  similar 
noises  proceeding  from  the  Temple  of  Camac. 
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Pngp  .'J77. 
Oil  Ihf  Tj/pion  or  'I^pharua  of  lie  Grtfit. 
Ai  the  fablci  of  Oreciui  Slythologj'  generally  *]i]icar  to  have  bad 
Mjme  fuundatiuD  in  fwct.  it  «eCDU  probable  tlint  tliuie  ruipecting  Tyiihou 
or  l^-jihtcus,  reporteil  by  Ileaiuil  oud  otbcra,  may  affunt  as  a  flue  kitfa 
retpect  tu  the  eiiiteucc  of  volcnnic  pfasnoiutMiB  iu  coiintnea  at  present  of 
difficult  Kccta. 

It  is  cridcDt,  1  think,  that  the  fable  originally  catnc  from  Egypt,  tiherc, 
M  Dr.  PfitcbanI  obaurvcs,  "  Ty|)iiau  vlooil  opposed  to  Osiris,  just  as  Ahii- 
Dian  does  to  Orsmuid  in  the  religion  of  Zoroaster.  Tbe  chiBf  iUfl«reiu« 
between  tbe  two  itliemes  setius  to  eoiisist  in  tliiK  ciicuuiKtaace,  tbat  tlie 
Egyptian  fable  i»  more  entirely  fmuidrd  on  pliyainJ  piincijiles.  In  the 
Pcniiui  ditctriue  Ahrinian  was  not  simply  a  pcrsonifieation  of  natural  evil, 
hi*  attributes  eompreheiid  also  tnord  eril ;  hut  as  we  have  seen  Ihat  Osiris 
wu  phyneol  gooil.  or  tbe  productive  or  generBtive  power,  so  Tj-phun  seeni& 
to  have  represented  all  tbe  deatrurtive  causea  in  nature*." 

It  is  true  that  tbe  Typhon  or  Typhu-us  of  the  Greeian  Mj-thology  muM, 
as  Jablonski  has  observed,  be  distingiiishcd  from  the  Egyptian  Daemon  of 
the  same  name;  but  as  the  former  people  seem  to  hare  derived  their  my- 
thology from  the  latter,  it  will  hardly  be  denied  that  the  origiuikl  aouree  iif 
their  notions  respecting  this  evil  gcniuH,  however  they  may  lave  been 
aftemunU  luodilied,  is  to  be  sought  for  in  Egypt. 

The  ehicf  difference  indi.'eil  between  the  two  conAistc<l  in  the  more 
sbatroct  sense  in  whidi  the  &ble  was  understood  by  the  Egyptiaoa  tluui 
by  the  Greeks;  the  former  re^nhng,  as  nc  have  seen,  tlie  TVpbou  aa  a 
general  persoiiifieation  and  cause  of  physical  evil ;  the  Utter  confining  it 
til  oerliiiu  pnrtteidnr  objects  of  terror  and  Hveraiun,  such  us  earthquakes, 


:iiMlL'sl  [iliysicnl  tiils  itiiit  « 
itiTiiie  lu'ut,  llii>abs<'iiiTor 
IV  ufllio-Nik',  Iln'slilUiigui 

sidi-rs  Tvphon  to  be  tt^v  to  , 
TrriXtniijj'  T-;)  vyini-niTi,  mid  re 
HJth  the  Sun,  tlLoii[.'li  tiiis  ii 


iilI  Hint  [li^  V.,\xi.  .■ 
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canos  may  have  happened  in  two  ways : — Ist,  from  the  fiery  nature  and 
origin  of  these  phsenomena ;  and  2ndly,  from  the  general  opinion  enter- 
tained by  the  ancients  that  they  were  caused  by  winds  pent  up  within  the 
bowels  of  the  earth  '*'. 

This  is  the  idea  expressed  by  Aristotle,  Meteor,  hb.  ii.,  Cornelius  Se- 
verus  in  his  interesting  and  philosophical  poem  on  Etna,  and  various  other 
writers ;  and  the  Egyptian  word  Bebin,  which  answers  to  Typhon,  signifies, 
according  to  Jablonski,  something  pent  up,  or  an  underground  cavern. 

This  opinion  was  indeed  suggested,  not  only  by  the  phsenomena  them- 
selves, which  seem  to  indicate  the  action  of  elastic  vapours  struggling  to 
escape,  but  likewise  by  the  simultaneous  occurrence  of  hurricanes  with 
earthquakes  and  volcanos. 

Thus  in  the  eruption  in  the  island  of  Sumbawa,  near  Java,  the  greatest 
damage  was  done,  not  by  the  volcano  itself,  but  by  the  whirlwind  that  ac- 
companied it  t- 

That  Typhon  was  considered  in  an  especial  manner  the  cause  of  whirl- 
wmds  (originally  indeed  of  the  scorching  wind  of  the  Desert,  but  after- 
wards among  the  Greeks  of  all  pemicioua blasts  X)*^  evident  firom  the  lines 
in  Hesiod's  Theogenia,  quoted  at  length  at  the  bottom  of  page  403. 

It  may  be  remarked,  that  the  Egyptian,  as  well  as  the  Grecian  Mytho- 
logy, agree  in  a  remarkable  manner  with  the  systems  of  certain  modem 
geologists,  who  imagine  volcanos  to  be  the  expiring  efibrts  of  that  force, 
to  the  more  general  action  of  which  they  ascribe  the  elevation  of  moun- 
tains, and  the  formation  of  the  older  strata.  They  also  correspond  with  the 
opinion,  that  volcanos  at  present  are  less  extensively  distributed  than  they 
Were  at  former  periods  of  the  earth,  and  consequently  that  their  influence 
may  be  inferred  to  be  on  the  decline. 

(Conformably  with  this,  the  Eg3rptians  imagined  that  Mercury  has  cut 
the  sinews  of  T3rphon,  and  that  he  has  since  lost  the  power  that  originally 
belonged  to  him,  having  sunk  from  his  "  high  estate "  as  the  general 
worker  of  evil,  to  that  of  the  framer  of  earthquakes,  thunder,  and 
hurricanes  §. 

So  also  Hesiod,  after  describing  the  manner  in  which  Jupiter  overcame 
the  Titans  and  other  monsters,  which  Mother  Earth  had  successively  pro- 
duced to  contend  with  him,  says,  that  Tjrphoeus,  the  author  of  whirlwinds 
and  earthquakes,  was  the  youngest  of  her  children. 

It  may  be  remarked,  that  this  poet  notices  the  Typhon  in  an  earlier  part 
of  the  same  poem,  and  therefore  appears  to  distinguish  him  from  Typhoeus ; 
but  it  will  hardly  be  supposed  that  the  attributes  of  the  two  deemons,  both 
resembling  each  other  in  name,  and  derived  in  all  probability  from  the 
same  Egyptian  source,  would  be  very  accurately  distinguished. 

Let  us  therefore,  without  attending  to  this  distinction,  proceed  to  con- 

*  See  note  to  page  403.  It  is  alleged  also  by  Tilesins,  who  accompanied  Km- 
senstem,  that  the  cause  of  the  Typhon  of  the  Chinese  Sea  is  to  be  sought  for  in 
the  bowels  of  the  earth,  and  depends  on  agitations  at  the  bottom  of  the  sea. — 
Edinb.  Jonm.  of  Science,  voL  ix.  p.  204. 

t  See  page  402. 

X  Hence  locusts  are  called  **  the  children  of  Typhon.*' 

§  See  Plotarch  de  Iside  et  Osiride. 
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xiili-r  how  Tnr  tin-  ileacriiitiuna  ^ivuii  uf  mthi-r,  ur  both  uf  tlim-  n 
rurnvt|H>uil  with  the  hyjiothMu  ub  to  their  bting  mam  BHpepii.Uy  inirnilnl 
iiR  perHiniiirRtiuiis  of  volpanic  Hction. 

The  account  giv^n  b^  Apollodoru*  i«  iierhajw  the  nioat  cirviiitiHljuitial. 
and  igren  very  well  inlh  that  of  Ilcuod,  th«  euUest  writrr,  eKPV|Tt  Ilvmer, 
by  vihom  Typhon  or  Typhoeiu  i*  mmtumeil. 

Thii  mytholi^;ut  deacribes  him  a*  nirpaning  in  liie  and  finrre  all  the 
children  of  Earth;  he  wbs  taller  than  all  the  mountains,  his  hioul  uft«ti 
touchod  the  atsn ;  bi»  amii  itreteheil.  th«  one  to  the  setting,  the  othcT  to  I 

(III'  risiug  of  the  aim.     The  lerpcnts.  which  were  twined  ruiinil  hi*  Ibigfaa,  | 

rate  to  hit  betul,  and  «cnt  forth  a  horrible  hiaainic;  fin  gleamtd  from  hii 
eycii !   ho  hnrleil  stones  to  heaven  with  a  loud  and  hollow  tioisc  (ft*™  | 

wpiyiuar  DfiDV  rai  S'"if)i  mii^x  of  Qre  boded  up  from  his  mouth  (mXAi)  « 
roil  (TTOfiamf  ef»)3(>ooT  f"*-";)- 

How  well  this  coTKspoiuls  both  with  the  itructurt'  nnd  jihicnouiena  of  a 
voleanic  mountain,  I  conaider  it  needleu  to  (loiDt  oiit,  and  i>b>ill  therefore  | 

pro«ed  to  mention  the  B|>ot«  in  which  the  scene  of  the  mouster'n  atlren- 
turea  are  laid  t  for,  as  in  the  many  instsnccs  where  these  bnvc  been  explored 
their  nature  is  found  to  be  volouiic,  tlierc  aeemg  a  reasouablc  prexumption 
that  the  >ame  may  be  the  condition  of  such  ai  have  not  been  eaunine^l. 

Now  ApoUodorus  mentions  that  Typhou  was  bom  in  Cilicia,  where  we 
know  of  the  existence  of  an  extensive  volcanic  district  called  the  Cataee- 
canmene.  When  pnniucd  by  Jupiter,  he  fled  to  the  neighbourhood  of 
Mount  Casius  on  the  boiders  of  the  Lake  Serhonii.  near  the  Pclusian  . 

branebof  the  Nile.  What  the  nature  of  this  lake  and  of  the  mountxin  near  ^ 

It  may  be.  I  hnve  not  hrea  able  to  asoerlaiti.  Jablniiski  liotvever  says,  that 
thel^e  has  a  great  affinity  to  the  Dead  Sea,  which  seems  to  owe  its  exist- 
ence to  a  volcanic  enijition.    Maillct.  in  his  Description  do  rKp\-]ite.  ]),  I2!l, 


that  the  lake  in  his  lime  eniillcil  liot  i\li;iliitinii:.. 

One  of  the  citi.-.  called Tv].hmna.  ff.iuierh  esistcil  llim-,  atul  tl 
timi-  ciiUed  Ibe  bike  Tv4>,^i-..,  ,v7ri™,.   i i'hitnn-h.  Vit.  .\nl.  |..  !M7 

ll  iiiiisl  lunvcvcr  he  eiiiifcsscd.  thill  the  (..■stileulini  va|Kmrs  ivh 
fniui  the  water  iiiiiy  alone  li.ivc  enused  it  to  Ih>  considered  the  i 
Typhon,  and  that  wilh  rcennl  to  the  (Mirlieular  passn^'  refi'rrcd 
mcutators  arc  not  a^iii,  for  llcinie  iiropows  to  siibsiiinte.  fi>i 
Caucasus,  where  there  was  a  rock  '«bich  went  bv  the  naiiic  <,(  T\ 
It  is  iiiileed  not  ii.i]>robulile  that  tlie  bilt.r  i.m'bc  the  Um-  iviiili 

in.miitain  alluded  to  hus  Dcmavcud.  lUu.^l.  stniuls  nriir  ibc  fiimi 
c-ii,.iic  pnita-.  and  tber.-f,jrc  lUiiy  perh..].-  b:ivc  been  vieived  li>  the 
as  belonfrinft  to  iltiit  chain,  the  Typliiriis  of  the  (iveeks  woidd  the 
Zohaj-  of  the  Zcnd-avcsta.  continiil.  aecordinjr  to  the  Vi-n-mi  un 
under  tbcir  volcano,  as  the  <Jrwimi  monster  iv:is  under  Kdia  or  C 
The  olher  places  mentioned  liv  A|Hi!lodorns  as  the  scene  of  tbes 
Uirr-<  :,ve,  Mount  Ihnnns  in  Tb'mc.-.  so  called  from  his  blood  « 
•  Sm  II.  30;,  'I  nr-i.  t  Spc  p.  All. 


ON  THE  TYPHON  OR  TYPH(£US  OP  THE  GREEKS.   7^^ 


there  spilt ;  the  peninsula  of  Pallene ;  and  Mount  Etna ;  but  others  have 
mentioned  Lydia,  Phrygia  and  Boeotia,  as  the  spots  where  he  was  finally 
Tanquished.     (See  Tzetzes,  Scholia  in  Lycophron.) 

Homer,  as  I  have  already  stated,  makes  the  Arimsean  mountains  (which 
perhaps  may  have  been  those  near  the  Dead  Sea*)  the  bed  of  Typhoeus; 
and  it  is  worth  remarking,  that  neither  that  poet  nor  Hesiod  alludes  to 
Mount  Etna  as  the  abode  of  the  monster,  as  Pindar  and  other  later  writers 
have  done.  This  may  be  considered  as  an  additional  proof  that  this  vol- 
cano was  not  in  action  about  the  period  at  which  they  lived.  Now  we  have 
abundant  proofs  of  volcanic  action  in  most  parts  of  Asia  Minor,  and  parti- 
cularly in  the  provinces  of  Lydia,  Phrygia  and  Ciliciaf;  such  are  the  ex- 
tinct volcanos  near  Smyrna  and  Scandaroon,  the  Plutonium,  or  Coiycian 
Cave,  noticed  by  Strabo  and  re-discovei*ed  by  Chandler,  and  the  destruc- 
tive earthquakes  so  common  throughout  that  country ;  we  have  accounts  like- 
wise of  a  mud-eruption  in  the  Lelantic  fields  near  Chalcis  in  £uboea:|:,  which, 
if  it  was  not  itself  of  a  volcanic  nature,  indicates,  like  the  phsenomena  of 
Macaluba  in  Sicily,  the  accumulation  of  materials  brought  together  by  pre- 
vious volcanic  agency.  It  remains  to  be  seen  whether  the  same  holds  good 
with  regard  to  the  other  spots  alluded  to,  viz.  the  Lake  Serbonis,  the  penin- 
sula of  Pallene,  and  Mount  Haemus  in  Thrace.  I  believe  the  Ceraunian 
mountains  are  also  mentioned  as  the  seat  of  Typhon,  but  this  has  arisen 
from  a  lambent  flame  which  still  plays  on  the  summit  of  some  of  them, 
arising  from  the  escape  of  an  inflammable  gas,  as  on  the  top  of  the  Apen- 
nines between  Florence  and  Bologna  §.  The  same  seems  to  be  the  case 
with  regard  to  the  iiKopv<f)op  o-fXar  mentioned  as  occurring  on  the  top  of 
Parnassus. 

I  cannot  close  this  note  without  pointing  out  the  curious  coincidence  of 
names  between  those  places  in  Asia  and  in  Europe,  noticed  either  as  the 
abode  of  Typhon,  or  as  the  site  of  igneous  phsenomena. 


EUROPE. 

Nysa,  one  of  the  peaks  on 
Mount  Parnassus  noted  for  the 
flame  that  emanated  from  its 
summit. 

Corycian  Cave,  on  Mount  Par- 
nassus. 


n»mu8  in  Thrace,  where  the 
blood  of  Typhon  was  spilt  by 
Jupiter. 

*  See  p.  345. 
t  See  p.  330. 


ASU. 
Nysa  in  Cilicia,  the  spot  where 
Typhosus  was  struck  with  light- 
ning. 


Corycian  Cave  in  Cilida,  where 
Jupiter  was  confined  when  van- 
quished by  the  monster.  It  was 
noted  for  its  Plutonium,  or  a 
Grotto  del  Cane  like  that  near 
Naples. 

Hoemus  near  the  Lake  Serbonis 
in  Egypt,  where  were  the  exhala- 
tions or  breathing-holes  of  Ty- 
phon, Tvffxavos  ftcTTvoai. 

t  Sec  p.  340,  ei  seq. 
$  Seep. 331. 
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InnrimP,  now  nll^d  Indiit, 
nndcM-  which  liUml  Typhiciu  ii 
Mil)  by  Virgil  to  he  opjircueil. 
lU  utW  immc  nu  Pilhrewtii, 
from  the  Apo*  which  alMninHral 
thpre  ((nArKiul,  tail  tlip  lutnt  Ins- 
rimr  wiu  pralikbW  ileriveil  fnim 
thr  name  cauio,  u  wc  uw  tiild  that 
/IriiflJ  in  tho  Etnucan  Luigiugfi 
sigiiititiil  Apa. 


APPRNDIX 


ASIA. 
TIti'  AriniN'iiT 
tii)ueil  by  Houiit  u  the  bwl  uf 
lyphon,  the  Tct  Apiiui,  tar.  pUccH 
by  *ome  iu  Cilim,  I>y  other*  in 
Syrit.  There  i»  no  doubt  hotrrver 
u  to  tlic  rxidcner  in  Uic  former 
country  of  mountains  ihat  went 
by  that  name,  and  Uiou|^  tbey 
(indialily  ilrriTnd  it  fnnn  brin); 
[>«>>|)leil  by  Syriaos,  tlie  descend- 
■nti  uf  Anun.  y«t  it  is  a  ainpilsr 
eoinriilcncc.  that  Aprt  were  ncri- 
firtid  in  a  temple  of  I>iana  that 
Btuud  ill  this  cotuitry.  (Scv 
Suvbo.) 


Page  412. 
Kieoiiar  ItUuuU. 
It  wouhl  nppeiu'  fmtn  a  pFographical  sketch  of  the  Nicobor  IdandR  jiut 
piihliKhi.'il  at  Copenhagen  l)y  Dr.  Rink,  the  iiaturaliit  to  the  Daniih  Ex- 
plnring  ship,  the  Galatea,  that  the  i-alcanie  band  traced  from  SumaCta 
ta  Chicta^tong  docs  not  include  thin  group,  which  euminti  of  eoraJ-re«&, 
nllhoii[i;h  the  island  Dambukn.  from  its  form,  bu  nil  the  nppt'arance  of 
beiDg  a  crater. 

PbKC  4.1f:. 

Oil  the  Genhyir,,!  SInirture  n/ fi.>rjH</r«'s  Ijnml. 


i.p,-,.,.  by  tl„.  r,., 
.  llint  the  iiiinUi'i 
[inOv.ifvnleHiiio 
■Iv  hnri/.unt.il  1,-1 
inie,  una  (.f  viivioi 


■if  lUe  pliysiciU  sin 


V  of  Kcr 


lit  cLvfii  In  Mr,  .\l'('i>niiiek,  tlu'  siirp,™i  of  the 
1  cxIiriiiLlj  of  til,'  L.-liiiia  vi>iled  by  tlii'  e\i>t.lition 
ri-iu.  eimiposra  it(  lm[)  nii-ks  ais|Mi3i-a  in  n  series 
!<i'es,  eoiisi.itiii<;  iif  prisiiintle  liiL-iilC  |>ni!sing  into 
■■  uiu<lilicHlii)iis  of  aiiiy^aiiloid  ikiul  porpbyr}'.  often 

veritl  eiiiiii'ia  liilU  Mith  crater- shiijH'd  siimniil<  uppeur  to  linve  been 
inic  ii'iits.     Till'  most  rcillnrkable  foiitnri'  is  the  (weurrenee  of  fossil 

I  am)  eoHl  inilii'aiU'a  in  tht!  ij;iicous  rocks,  Tlie  vnn>i\  h  often  inndi 
lleil.  mid  of  lnr^.-e  si/e.     The  coal  is  sluly.  of  n  hnmiiish-lihick  colour. 

II  fracturt  llki'  worxl-ctml.  One  bed  in  CuiulierlHua  Hay  (nortli-ue-st 
n  is  tivo  feet  tliiek.  Hilli  ii  -latv  fr;.rtiire  ana  dull  lirovvnish-bWk 
ir,  cn-er,-a  over  bv  iinn  jidaloidid  }:reeii stone. 

le  |Kii„t  most  Horlliv  of  reiunrk  is  the  former  liixniiniil  Knmtb  of  tiui- 


ospil 


-elini:Uv 
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Page  513. 
CaeciatOTc'*  Seitmameter. 

It  may  not  be  uniu  to  append  a  drawing  of  a  SeisiroineteT  of  verjr 
umple  construrtion,  invented  by  Professor  Cacciatore  of  Palermo,  which, 
according  to  Frederic  Hoffman,  baa  been  much  lued  in  registering  the 
direction,  and  even  in  lome  degree  the  intenuty,  of  the  earthquakes  that 
occur  in  Sicily. 

The  instrument  coniists  of  ■  flat  circular  dish  of  wood  nith  a  very  smooth 
bottom,  and  about  ten  inches  in  diameter,  surrounded  with  a  rim  in  which 
eight  holes  are  bored  at  equal  diitancei  apart. 

Outside  of  the  rim  i«  a  kind  of  circular  projection  somewhat  curved,  and 
with  eight  grooves  correiponding  with  the  nght  holes  bored  in  the  rim. 
Undemestb  the  lower  extremity  of  each  groove  a  little  cup  ii  placed,  and 
the  whole  rests  upon  a  pedestal  in  aucb  a  way  aa  only  to  be  moved  by  an 
earthquake  affecting  the  locality. 

TTie  upper  part  of  the  diih  is  filled  with  mercury  up  to  the  lerel  of  the 
holes  bored  in  the  rim  Burrounding  its  mai^in ;  so  that  in  whatever  direc- 
tion the  elevatory  shock  occurs,  the  mercury  will  flow  out  into  the  cup 
staodiog  opposite  to  it. 

The  following  is  a  sketch  of  the  ii 


Page  634. 
On  PaToxytmal  AcAum*. 

In  addition  to  Mr.  Hopkins,  Sir  Roderick  Hurcfaison,  and  other  professed 
geolopits,  I  may  dte  the  authority  of  Dr.  Whewell  in  favour  of  the  doc- 
trine of  paroxysinal  or  sudden  elevation  as  appLed  to  the  explanation  of  the 
great  Nortbem  Drift. 

The  transfer  of  so  large  a  body  of  matter  over  so  vast  an  area  he  regards 
as  an  irresistible  evidence  of  parosysmal  action. 

"  As  no  gradual  or  minute  action  could  move  the  mawei  in  question 
through  ayardofspace,  no  accumulation  of  such  action,  through  any  amount 
of  time,  could  disbibute  the  masses  through  the  great  distances  which  the 
nortbem  drift  has  traversed,  and  spread  them  over  the  vast  spaces  which  that 
formation  occupies.  The  distribution  of  the  northern  drift  belong*  to  a 
period  when  other  causes  operated  than  those  which  are  now  in  action." — 
Quarteriy  Joum.  of  the  Geol.  Society  for  Augost  1847. 

3  A 
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On  lltr  Origin  of  thr  Carbonio  Aeid  duekargrd  from  Volcanot. 
la  hi*  ruMiiillx  puMUhi-d  work,  entitled  '  I-ehrbuch  dcr  Chcminchi-a  und 
PhynkaliKhtiu  Gvulog^ir,'  Prof.  BUdiof  hwt  euleml  M  length  into  llie  mb- 
jpct  of  thn  cvolutiun  uf  oirbouie  iiriii  from  the  inlmoT  of  the  esfth.  H*  i» 
ctilirtly  o]i|xhi(h1  to  tht  iiltn  of  iW  luiu^  derived  from  the  cgmbixrtion  of 
r«rbanur«iiu  niMtun  in  the  intcrinr  of  the  earth,  or  (rom  the  producU  of 
animal  or  tegctablo  demy.  Ho  rCKanli  it.  u  I  ni)-»elf  liave  done,  duu  rather 
tu  the  action  of  siliw  upon  eulh)'  and  tdk>hnc  caiboDntta,  by  whiri  car- 
bonic ai'id  is  diKngugcd  snd  HiUrntiw  are  produced-  Neictthplc**  he  iIocb 
not  luppoM  the  carbonic  acid  to  Ik;  immitUKtely  di»ch»rgcd  from  tlic  lava, 
hut  rather  to  be  mlaugled  Hithin  il«  tough  aud  viwous  substance  ho  long 
u  the  latter  continues  in  »  H-milluid  cundilioo,  being  mibiequciitly  emitted 
a*  each  part  becoincn  solid  and  bcgini  to  crudi.  Tlii»  new  is  entirely  can- 
fonnahlc  to  my  own  ubiUTvatioiis  on  the  lava  of  Vesuvius  m  IS.^  (sec  p^ 
229).  with  regard  to  Uie  evolution  of  muriMic  acid,  muriate  of  ammonia 
and  steiiui  fhnn  the  cracks  and  crevices  of  the  »«ni-Tnolten  toass.  and  ia 
perhaps  tendvrrd  more  conwivahlf  from  the  fiict,  that  carburetted  hydrt^wi 
gas  ill  a  condc-nscd  state  is  foiuid  to  he  confined  within  minute  cells  in  the 
■alt  of  Wielieika,  from  which  it  escaiies  with  n  suceession  of  little  reports, 
when  the  salt  is  immerseil  in  water,  as  fait  u  the  solution  of  the  Utter  ia 
ctfcclcd.  It  may  moreover  explain  the  evolution  of  carbonic  acid  taking 
placi'i  not  at  the  time  of  a  volciuiic  eniptioo,  but  at  one  snbseipiMit  to  it, 
wbea  the  la*s  begins  to  cool,  and  tlie  propoitioD  of  lime  commonly  pre- 
tent  in  lava  would,  if  it  had  previously  cxirteil  aa  a  cariwnatc,  have  supplied 
cwboiiie  acid  cuougb  lo  Bccoiml  for  the  mofetlei  that  occiu'  m  their  re- 
spective ilistriet-i. 
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Second  Objection. — Supposing  caverns  to  exist  near  or  about  the  focus 
of  a  volcano,  and  these  to  be  filled  with  air,  the  communication  between 
such  hollows  and  the  atmosphere  must  be  stopped  up  so  soon  as  lava 
came  to  be  emitted.  Hence  the  action  would  be  discontinued  for  want  of 
air  to  carry  it  on. 

Reply. — I  cannot  figure  to  myself  a  cavern  in  the  interior  of  the  earth 
so  hermetically  sealed  as  to  be  impermeable  to  air  when  a  partial  vacuum 
took  place  within  it.  Even  if  the  lava  were  to  seal  the  mouth  of  the  crater, 
and  thus  put  a  stop  to  the  emission  of  solid  or  liquid  matter,  it  could  hardly 
spread  itself  over  the  whole  internal  surface  of  the  cavern  so  as  to  close  all 
its  fissures  and  bar  the  ingress  of  air ;  nor  if  it  did,  could  it  prevent  new 
ones  from  being  formed,  so  soon  as  the  rock  began  to  contract. 

Now  admitting  this  communication  with  the  external  air  to  exist,  it  is 
surely  a  waste  of  time  to  calculate  the  size  of  a  cavern  which  could  supply 
oxygen  enough  for  any  supposed  amount  of  lava,  since  whatever  air  was 
lost  by  oxidation  in  and  about  the  cavern  itself,  would  be  immediately  sup- 
plied by  the  atmosphere  in  connexion  with  it. 

Third  Objection, — Volcanic  actions  arc  deep-seated,  but  the  chemical 
processes  assumed  are  of  such  a  nature  as  to  be  developed  only  near  the 
surface. 

Reply. — No  reason  is  assigned,  why  chemical  actions,  excited  by  the 
access  of  air  and  of  water  to  metallic  bodies  of  a  highly  combustible  nature, 
may  not  take  place  at  any  depth  whatsoever. 

Fourth  Objection. — If  these  chemical  actions  were  supported  by  atmo- 
spheric air,  vast  volumes  of  nitrogen  must  be  evolved  in  consequence. 
Now  the  amount  of  nitrogen  observed  is  after  all  but  inconsiderable. 

Reply. — ^This  objection  implies  a  more  thorough  acquaintance  with  vol- 
canic phenomena  than  we  are  as  yet  entitled  to  assume. 

How  do  we  know  what  amount  of  nitrogen  may  be  evolved  during  the 
more  active  periods  of  volcanic  action  ? 

How  can  we  be  justified,  h  priori,  in  laying  down  what  proportion  of  the 
effect  produced  is  due  to  atmospheric  air,  and  how  much  to  water? 

The  more  philosophical  mode  of  treating  the  subject  seems  to  me  to  be, 
to  content  ourselves  with  endeavouring  to  account  for  the  products  which 
we  have  hitherto  succeeded  in  detecting.  Amongst  these  are  nitrogen, 
sulphurous  acid  and  sulphuretted  hydrogen.  The  two  former  clearly  imply 
atmospheric  air,  the  latter  water,  to  have  been  present. 

The  amount  of  all^  the  three  collectively  taken,  Bischof  contends  to  be  in- 
adequate to  the  effects  of  which  I  regard  them  as  the  results ;  but  can  he, 
especially  after  Pilla's  observations,  assure  himself  that  the  quantity  of  one 
or  of  all  may  not  be  greater  than  has  yet  been  determined?  and  can  he  ac- 
count even  for  the  amount  ascertained  to  be  emitted  without  having  re- 
course to  souie  such  hypothesis  as  the  one  I  have  proposed  ? 

Even  of  nitrogen,  the  quantity  emitted  during  languid  volcanic  action 
seems  greater  than  can  be  explained  by  any  decomposition  of  organic  mat- 
ter, bating  other  objections  to  such  a  solution — witness  the  thermal  waters 
of  Bath,  where  the  amount  is  no  less  than  250  cubic  feet  in  twenty-four 
hours — whilst  of  sulphuretted  hydrogen  the  quantity  disengaged  must  ex- 
ceed what  we  can  account  for  by  the  decomposition  of  sulphates,  if  we  sup- 
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pMe  sui^Ei  b«(lii  of  Hiilphur  u  those  in  Sicily  to  bare  resulted  fWini  it*  de- 
com|M)iitian. — not  la  allude  to  tLe  (net,  that  tlie  Bulpbates  tbenuelvem  can 
best  be  attributed  to  the  Bulpbunc  aciil  generated  owing  to  %  previoua  de- 
romixMition  of  Hil[)huretted  byibt^'n. 

How  difficult  too  is  It  to  suppose  iturb  nu  UDOunt  of  orgsnic  matter,  as 
must  be  asaumed  in  order  to  explain,  according  lo  Bisebof »  theory,  the 
evolution  of  nitrogen  no  leas  than  of  sulpburetted  hydrogen,  exiiting  for  so 
nuiny  agei  in  the  very  focus  of  rulL-anic  beat !  The«e  hcwcTer  are  points 
that  have  been  before  sufficiently  iuiisted  uiion. 

Fiflk  Objection. — If  Ibts  were  formed  by  the  union  of  the  loetallic  bnaes 
lUEumed  with  oxygen  derived  Irom  water,  the  qoantity  of  the  latter  dceom- 
posed  would  be  imnieniie,  and  the  quiuitity  of  hydrogen  emitted  equally  to. 
Now  as  this  hydrogen  comes  to  the  aurfnce  in  union  with  lulpbur,  the 
amount  of  the  latter  cooeemed  in  the  procesn  must  have  be-en  greater  than 
ean  well  be  conceived.  Moreover  sulphur  cannot  be  united  to  hydrogen  fay 
direct  chemical  means,  tuid  lully,  aceunling  to  this  h^'pothesis,  the  discn- 
gagemeot  of  tulpburetted  hydrogen  ought  to  precede  the  emission  of  lava, 
instead  of  following  it,  as  ii  more  commonly  the  case. 

Reply. — The  first  pnrt  of  the  olyection  bas  been  already  met.  It  is  not 
nccesHsry  to  sup[iose  that  the  whole  of  the  lulpbnr  finds  its  way  tu  the  lur- 
face,  since  sulphurous  add  and  sulphuretted  hydrogen  might  be  formed  at 
the  aame  litne,  and  thus,  by  the  mutual  action  of  these  boibes  one  npon  the 
other,  water  might  be  rcproduecd  and  sulphur  deposited. 

With  t«gwd  to  the  doubt  expressed  as  to  the  puuibility  of  an  union  of 
nilpbur  vrith  hydrogen  taking  ])lsce,  is  not  the  latter,  I  would  aak,  at  the 
instant  of  its  diseugngement,  in  precisely  the  same  uKsrenl  condition,  as 
when  nitpburic  acid  liberates  it  from  a  moistened  metallic  wlpfauret  T  Is  it 
not  even  possible  that  the  alkaline  or  earthy  metalloids  may  exist  as  sul- 
phurets  in  the  intevior  of  ihf  earth?  With  regard  to  the  Inst  jioiiit.  as  to 
the  onler  of  sucec^siou  in  uliich  the  plui'iiuuiena  tnke  |)lace,  there  teems 
no  necessity  fur  supposing  the  Ihva  emitted  to  be  exactly  the  same  n»  ihat 
which  has  just  been  general eil,  nor  do  I  know  but  that  sniphurelted  livilro- 
gen  may  exist  among  the  gaseous  proiUicta  by  means  of  whieh  (he  stones 
and  ashes  whieb  precede  an  eruption  ore  cjeele<l  from  the  crater. 

But.  after  all.  1  nm  quite  willing  to  admit  that  ditheulties,  to  which  none 
but  conjectural  answers  can  he  retimied,  miiy  be  started  to  this  as  well  as 
to  ever)-  other  hy]mthesia.  If  wluit  we  prii])ose  he  an  B]ij(roximation  to  the 
tnilh,  it  is  OS  much  as  can  be  expfcteil.  hiuI  the  only  fair  way  of  estimating 
its  claims,  is  to  coiiii>nre  the  dilHcullies  tlint  beiet  it  with  those  which  may 
be  alleged  agaiusl  any  other  riiul  eNphiiiatiiiti. 

Now  the  presence  of  an  uulLiniied  sup]ily  of  organic  matter  fur  ages  iu 
coutaet  with  substances  unilergoing  iuleiise  lieat — the  evolution  of  so  iiim:h 
suljihuretled  hyilrogen  without  deeompusiriun  of  «ater — the  eunstaut  dis- 
engj^iement  of  nitnigcn  without  any  niiNle  of  accounting  for  the  «miHl- 
taueuns  alHtraction  of  oxygen — the  pnidnetion  of  heat  being  promotoil, 
instead  of  being  checked,  by  the  access  of  ivater^and  other  particulnrs 
uhieh  will  easily  occur  to  niy  readers — undoubtedly  require  an  explanation 
befure  ivc  can  consent  lo  es[nniw  the  i)p|>osite  theory. 

Sisth  Objeclion.—rhcrc  eoidd  not  he  chlorine  enough  evolved  lo  unite 
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with  80  enonnous  a  quantity  of  hydrogen  as  that  which  my  hypothens 
assumes ;  nor  could  the  latter  unite  with  oxygen,  without  occasioning  such 
a  consumption  of  that  element  as  would  render  the  air  in  the  immediate 
neighbourhood  of  the  volcano  unrespirable. 

Reply. — ^The  muriatic  acid  evolved  is  a  sufficient  index  of  the  amount  of 
chlorine  which  has  combined  with  hydrogen.  Estimated  by  this  standard, 
its  volume  must  be  considerable,  as  may  be  understood  from  the  copious 
evolution  of  muriatic  add  during  volcanic  eruptions,  but  no  one  has  ever 
contended  that  it  was  commensurate  with  the  amount  of  hydrogen  evolved. 
The  remainder  of  the  latter  either  comes  to  the  surface  as  sulphuretted  hy- 
drogen, or  unites  with  oxygen  derived  both  from  the  air  which  enters  the 
interior  of  the  earth,  and  from  the  sulphurous  acid  at  the  same  time  gene- 
rated, thus  contributing  to  reproduce  an  equivalent  amount  of  water. 

Seventh  Objection. — Lava,  when  freshly  emitted,  and  in  a  liquid  or 
ignited  state,  contains  no  traces  of  the  bases  of  the  earths  and  alkalies,  or 
even  of  metallic  iron. 

Reply, — With  all  due  deference  to  the  excellent  chemists  who  have 
originated  this  objection,  I  am  at  a  loss  to  conceive  how  potassium,  sodium, 
calcium,  &c.,  could  be  expected  to  occur  in  the  midst  of  a  lava-current. 
That  which  I  examined  in  1834  was  evolving  at  the  very  time  water  and 
muriatic  add.  How  could  such  combustibles  exist  in  contact  with  these 
oxidizing  agents  ?  Even  metallic  iron,  under  such  circumstances,  could 
scarcely  be  found ;  but,  on  the  other  hand,  the  presence  in  volcanic  pro- 
ducts of  this  same  metal  in  the  state  of  magnetic  iron  instead  of  a  peroxide, 
conveys  to  my  mind  a  strong  presumption,  that  hydrogen  has  exerted  that 
deoxidizing  influence  which  Sir  Humphry  Davy  and  Professor  Bischof  de- 
mand as  indications  of  its  presence. 

In  reply  to  Dr.  Bischof 's  concluding  remarks,  as  to  whether  the  de- 
fenders of  the  chemical  theory  suppose  granite,  trachyte,  basalt,  porphyry, 
to  have  all  resulted  from  the  same  chemical  processes  which  they  imagine 
to  be  going  on  in  volcanos  at  present,  I  may  refer  to  my  40th  chapter  both 
for  a  reply,  and  for  the  grounds  on  which  the  affirmative  of  this  question 
may  be  supported.  I  would  moreover  ask,  whether,  if  it  be  true  that  the 
gases  observed  to  issue  from  a  volcano  during  the  several  phases  of  its 
action,  confessedly  imply  the  existence  at  the  present  time  of  chemical 
processes  of  such  a  nature  as,  if  carried  on  on  a  sufficiently  extensive  scale, 
would  account,  both  for  the  heat  of  the  globe,  and  for  the  various  volcanic 
phienomena  which  the  earth  presents,  it  be  not  more  philosophical  to 
regard  these  processes  as  the  main  instruments  of  the  changes  brought 
about,  than  to  ascribe  the  eruptions  of  the  volcano  to  one  set  of  causes,  and 
the  gases,  &c.  which  accompany  or  rather  follow  after  them,  to  another 
independent  series  of  operations  ? 

Page  658. 
On  the  Tertiary  Lavas, 

M.  Menard  de  Groye,  in  his  account  of  the  volcano  of  Beaulieu,  seems 
to  have  adopted  in  some  degree  the  same  ideas  with  those  expressed  above, 
with  respect  to  the  cause  of  the  differences  between  basalt  and  lava.    They 
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ue.  he  My*,  pnviwly  tocli  u  vn-  niig^ht  ciqicct,  bom  the  noo  bcia^  tub* 
mnrine.  tha  other  [iniiliiwtl  in  tlw  oprn  mr: — 

"  I.'nir  lie  v^tiutf,  qui  *c  vnit  emprcint,  «  I'oq  p«ut  dire,  *ur  toutca  cea 
tumiiia  trappeVns;  la  deitruetion  dc  tout  mtire,  r'iI  y  en  cut  parmi  enx ; 
fL-tlf  DtrutificBtioa,  qu'on  leur  a(9i^«  pour  onlinaire,  mail  que  je  n'w 
pri'iqiK  JBitinii  bien  reconnuei  leur  nllenuiliini,  obttrr^  en  Siike,  ilaiu  lo 
VieciitiD,  doui  le  I)erby»hire  el  ailleun.  avec  des  rouebet  ile  Mkle,  de 
{■inre  calniire,  et  ret  rorpa  h^tt^mg^es  eoup^  mhne  quetqiw^ois  daiu  le 
biMlt  et  diuu  1a  wnekc ;  In  fragiliti.^  qui  Re  fait  reiaBrqucr  gf'ti^rilt-nwiit 
lUim  lc«  inati^ea  trupii^ns  i  kiir  tftnt  pliu  erj  italliii  ou  liu  inoiiu  pin* 
grvDU;  U  ■tnlification  tri^n  rare  parmi  tulles;  toules  ces  lingutaHl^  n 
inexiiUeiLble*  dans  d'oiitres  IiviwiIiJmw  dfivienneut  foeUci  1  tonci-voir,  ol  it 
expliquer.  dana  eclle  qud  nuui  projiOHnia." — Mcnonl  dc  Oroj'e,  Joura.  de 
Phyiique.  vol.  Ixxxii. 

He  then  goea  on  to  conaiilcr  the  third  ctatt,  uunely  thai  of  ineomplctc 
immuraion,  nlieii  a  volcano  is  bathed  in  water  at  ita  base,  ithilit  it*  nuninit 
ia  elevated  above  the  viBtet«,  iu  which  cbiaa  he  plaeci  (hixtv  which  I  haiv 
called  Tertiary  volmnie  roeki,  such  as  Bcaulieu.  Via>utin.  Meiiner,  && 

But  I  cannot  agree  with  tliia  author  in  atlrUiutiu);  the  Itinuation  of 
columnu  basalts  to  (heir  being  elevated  above  the  natcn ;  nor  c«a  1 
■dinit  the  hct  to  wliieb  he  oppvnls,  namely  that  the  banalt  at  Utwulicu 
piuacs  into  greenstone  in  the  lower  (lart,  m  a  proof  that  th«  formei  »na 
eiect<.il  ohovB,  Ihe  latter  below,  tiic  level  of  the  then  existing  water.  Siioh 
an  idea  acconhi  indeed  verj'  well  with  what  I  have  eliKTwlK,i«  «Bid  usitk 
regard  to  the  dtpeivtener  of  eryilalline  arnmgrmeni  upon  pregture,  but 
tmfbrtanUety  it  happeru  that  the  basalt  is  set-n  quite  a«  ftwim-iitly  passing 
into  greeusloDC  in  itn  upper  as  in  its  under  part,  as  is  the  ca«c  in  tlie  very 
instance  of  the  Meisncr,  to  which  Menard  alludes. 

I  holicvi- 1  liiin-  stntfd  fiiirlv  (lie  thi-*..!  ]iroiu).fa  by  M.  Mi'iiard  dc-  (iiiiyi-. 
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distinction  (Joum.  de  Phys.  vol.  xcv.)  of  volcanic  products,  which  he  divides 
into  those  caused  by  volcanos  burning  in  the  open  air,  and  by  the  same 
more  or  less  submarine,  or  burning  under  water. 

Under  the  head  of  those  partially  submarine  he  includes  trachytes  and 
many  basalts,  and  this  division  obviously  corresponds  with  my  second  class 
of  tertiary  volcanic  products.  The  rocks  included  by  Dr.  Bou^  and  by 
myself  are  nearly  the  same. 

Dr.  Bou^  has  also  noticed  in  common  with  myself  the  following  distinc- 
tions between  submarine  and  subaerial  volcanos :  viz.  that  they  originate 
from  dykes,  form  mountains  of  inferior  height,  and  are  associated  with  tufh 
possessing  a  strong  degree  of  aggregation.  He  also  remarks  the  greater 
frequency  of  crystalline  infiltrations,  and  the  more  decided  changes  effected 
upon  the  surface  of  the  ambiguous  rocks.  It  is  satisfactory  to  find  my 
observations  thus  confirmed,  or  rather  anticipated,  as  it  proves  that  they 
have  not  been  imagined  for  the  sake  of  propping  up  an  hypothesis,  but  that 
the  principles  laid  down  by  Sir  J.  Hall  admit  of  a  more  extended  applica- 
tion than  appears,  so  far  as  we  can  collect  from  his  writings,  to  have  been 
anticipated  by  their  author. 

Page  665. 

On  the  Oscillations  of  Opinion  with  respect  to  the  Origin  of  Trap, 

That  I  am  warranted  in  speaking  as  I  have  done  of  the  oscillations  of 
opinion  which  have  prevailed  respecting  the  origin  of  basalt,  will  be  evident 
from  the  following  passage  in  Daubuisson's  account  of  the  basalts  of 
Saxony,  translated  by  Neill : — "  It  appears,"  says  the  celebrated  chemist 
of  Berlin*,  "that  naturalists  are  recovering  by  degrees  from  the  volcanic 
illusion.  It  is  about  fifty  years  since  a  French  naturalist  revived  the  opinion 
concerning  the  volcanic  origin  of  basalt,  and  he  lived  to  see  almost  all 
Europe  adopt  his  sentiments.  Bergman,  the  first  of  the  chemists  who 
employed  himself  with  diligence  and  success  in  examining  mineral  sab- 
stances,  and  who,  to  an  intimate  acquaintance  with  the  effects  of  heat, 
joined  an  extensive  knowledge  of  mineralogy,  could  not  bring  himself  to 
consider  basalt  as  a  product  of  volcanic  eruptions.  The  Swedes  adopted 
his  view  of  the  question.  It  is  scarce  forty  years  since  everybody  in  Ger^ 
many  considered  basaltic  mountains  as  ancient  volcanos,  Werner  lifted  the 
neptunian  standard;  and  now,  among  aU  the  German  mineralogists  of  any 
reputation,  J  know  but  one  ( Voigt)  who  still  retains  the  old  doctrine.  We 
have  already  seen  in  how  decisive  a  manner  Klaproth  has  pronounced  on 
the  subject :  he,  of  all  the  German  chemists,  has  had  most  opportunities 
of  observing  the  effects  of  fire  on  mineral  substances,  and  he  has  besides 
studied  the  history  of  basaltic  mountains  with  that  correctness  for  which  he 
is  remarkable.  In  Ireland  Mr.  Kirwan  was  a  supporter  of  the  volcanic 
doctrine ;  but  the  numerous  chemical  experiments  which  he  made  on  mi- 
nerals, and  other  considerations,  led  him  to  a  change.  Dr.  Mitchell,  one 
of  the  veiy  best  mineralogists,  Mr.  Jameson,  the  author  of  the  Mineralo- 
gical  Travels  in  Scotland,  and  the  greater  part  of  British  naturalists,  con- 
sider basalt  as  having  been  produced  in  the  humid  way." 

*  Klaproth,  Journal  des  Mines,  No.  74. 
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The  g«ilop*t  wlio  of  ftU  others  posseaseil  the  greateat  » 
Ssiusiirc,  the  illuntnou*  mtnentlogist  of  the  Alpx^fuunil  it  meerxgary,  in 
the  latter  pert  of  bii  lift-,  greatly  to  litDit  hit  notions  aa  tn  bualt  being  of 
volmuic  origin.  In  i|)Cflkiug  of  the  eninguiEhed  voleanos  of  Driignu,  lie 
■ays*:  "  I  Bcknowtedge  that,  before  studjing  the  writings  nf'Wt;nier,  1  felt 
no  hciitation ;  but  that  philosopher  ba<  taught  roe  to  doubt,"  Dolomieu, 
who  wai  at  the  head  of  the  VutcaniMs,  but  iu  nhom  the  love  of  truth  was 
paramoimt  to  the  spirit  of  party,  admitted  that  tome  baa^ta  had  been  pro- 
ducnl  ill  the  humid  way.  He  ohactvea :  "  I  have  eireumHcribed  the  toI- 
ninic  empire  more  thau  any  other  mincraJogiit,  French,  English,  or  Italian, 
hiiviiig  withdrawn  fnun  its  doroiniou  many  mineral  Bnhmances  formerly 
plaMxl  under  it.  I  bold  that  the  basalta  of  SuKony.  of  Scotland  and  of 
ttweden.  may  elaim  neptiinian  origin."  When  trusting  of  the  baaalt  of 
Ethiopia,  he  addi,  "  I  may  aDirm  with  certainty,  tliat  it  ii  not  of  voteiiuc 
production +." 

Those  opinions,  whilut  they  afford  a  aalisfaetory  proof  of  the  progiea* 
that  has  been  made  in  geoli^  within  the  last  thirty  years,  will  perhapa 
show,  that  at  the  time  alluded  to,  and  even  foriHime  yean  later,  itwaibyno 
means  considered  a  superfluous  task  to  hunt  for  proofs  in  Auvcrgne  anil 
elsewhere,  for  the  purpose  of  placing  on  a  surer  footing  the  igneous  origiti 

Page  cm. 

On  the  En*tenct  of  Iodine  and  BromiHt  m  Hi  earlietl  Seas. 

In  confirmation  of  the  remaika  made  on  the  nocbuigeableneaa  of  the 

laws  of  Nature  from  the  earliest  times,  I  may  refer  to  the  remarkable  fijct 
pointed  out  iii  my  Momoir  "  On  the  Occurrence  of  Iodine  and  Jlromine  in 
the  Mineral  Waters  of  South  Britain,"  (Phil.  Trans.  1830)  namely  that  the 
earliest  acas  appear  to  have  corresponded  with  those  at  present  existing,  cien 
with  res]icct  to  the  minute  proportions  of  the  above- named  principles  Hhich 
were  present  in  them. 


n  Basalt.  Neill'a  Tranala 
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[In  dnwing  up  the  Liat  of  Works  on  Volctnos,  &c.,  both  for  this  and  for  the 
former  Edition,  I  have  heen  greatly  assisted  by  my  friend  Dr.  fiou^,  well  known  for 
)m  extensive  travels  in  Transylvania,  European  Turkey,  Germany,  &c.,  and  also 
for  his  thorough  acquaintance  with  the  literature  of  Geology,  of  which  I  trust  the 
Public  will  one  day  or  other  reap  the  benefit.  As  the  additions  to  the  Catalogue 
made  by  this  Geologist  have  been  only  communicated  recently,  several  works  that 
may  be  of  importance  are  herein  noticed,  of  which  no  mention  has  been  made  in 
the  body  of  the  Work.] 


ON  THE  VOLCANOS  OF  FRANCE. 

Guettard M&noire  sur  quelques  Montagues  de  la  France,  qui  ont  6i6  des 

Volcans.  M&n.  de  I'Acad.  des  Sciences,  1752. 
M^moire  sur  la  Min^ralogie  de  TAuvergne.   M6m.  de  TAcad. 
des  Sciences,  1759. 

Desmarest M^moire  sur  le  Basalte. 

Ditto.   Joum.  de  Physique,  1779. 
Ditto  pour  1774,  p.  705. 
Fai^as  St.  Fond.  Volcans  du  Vivarais.    Fol.  1778.    This  work  also  contains  an 

account  of  the  Volcanos  of  Forez. 
Giraud  Soulavie.  Hirtoire  Naturelle  de  la  France  M^ridionale.  1780. 
Legrandd'Anssy.  Voyage  en  Auvergne,  1st  and  2nd  vol.  1788 ;  3rd  vol.  1794. 

Montloeier Essai  sur  la  Theorie  des  Volcans  d'Auvergne.   1789.    Highly 

interesting,  and  conveying  upon  the  whole  correct  views,  not- 
withstanding its  old  date. 

Buchoz    Sur  leCantaL  1792. 

Ddlomiea   ......  Rapport.  Journal  des  Blines,  Ann.  5  &  6. 

Description  des  Courses  lithologiques.  Joum.  de  Pharm.  torn.  1. 

p.  127. 
Observations.   Soc.  Philom.  Ann.  6.  p.  73. 
Sur  les  Volcans  de  I'Anvergne.  Joum.  de  Physique,  1798,  vol.  46. 
p.  406-418. 
D'AubuitMm  ...  Desc  des  Volcans  et  Basaltes  d'Auvergne.    Joum.  de  Physique, 

1804,  voL  58.  pp.  310,  422;  voL  59.  p.  367.     1819,  vol.  88. 
p.  432-449. 

Laooste  Sur  les  Volcans  de  I'Auvergne.  Ann.  11. 

Lettres,  &c.  1805. 
Marzari  PencatL  Orittographia  del  Monte  Coiron.    1806. 

Cocq  Lithologie  de  T Auvergne.   Journal  des  Mines,  torn.  19, 1806. 

De  Laizer Sur  le  Puy  Chopine.    1808. 

Sol  d'Auvenne.    Joum.  des  Mines,  tom.  23.  p.  40. 
De  Laizer,  Weiss,  et  Gillet  Laumont.  Sur  les  Laves  avec  parties  bleues.    Joum. 

des  Mines,  tom.  23. 
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lUaiotid llBut«un  mnurntbarooivtriqiicDKnt.  Jonm.  dn  Mines,  tom.  84. 

The  Miue  MeiDoir  in  ■  more  cotnplrle  form.    Aucl.  du  " 

IBI^ISIS.     Tbii  Memuii  U  marc  Iliao  it  profruea  i 

olnding,  togelhn  with  WuDirlricBl  mcuurcmeaU, 

renirkt  on  ttiv  geotog?  of  the  country. 
Cordier  Sur  le  Mont  Mazen.  Journ.  dn  Mlnea,  torn.  2fi.  Jaunt,  de  rb]r- 

lique,  Tut.  (19. 
SuT  le  Brkbe  de  Mont  Dor.    Tod.  t,  1919. 
B«oh|Von MinenlDgiKhe  Briifi  kui  Auvergoc     In  the  2nd  vol.  of  faU 

(jeognaBliBchen  BeobKbtungcn.  1H09. 
Joiirn^  dM  Mines,  lam.  13. 
Vlnl  BmnuL  Bmi  lor  I'lliitairc  NnturcUc  du  Pu^    1311. 
Bou^  A, Camiiiriton  of   the  RocLi  of  Aavergac  and  ScotUnd.    Edlnb. 

I'biL  Journ.  tHI9. 
Cont»ct  do  Tutie  volcBOiqiie  Ct   del  Marnea  lui  Puj   Crouellc. 

BuBi  >ur  TEcone,  IS20,n.  482. 
llolT,  Von   On  Ihe  Acrount  Kiten  bf  Sidonius  Apolliniris  of  iUp  Voltsaic 

MounUlni  of  Prftnee.     N.  Jihrb.  d.  D.  u.  It.  dc  MoU.  1H2I, 

vdI.4.  p.  IB3-193. 
Diiuben<i Letters  on  AQvergoe  iddreiaed  to  Profenor  Junnon.    Edinb. 

Phil.  Jouni.  for  1820-21.    II  may  tene  u  some  kind  of  apu- 

Ing;  for  any  dcGdeaciea  and  inaeeuraciea  which  maj  be  detected 

in  these  Leturs,  to  state,  that  they  canton  tho  first  speoal 

descri|Jtioa  of  the  V'olcanai  of  Pnace  Ibal  had  apiieared  in 

the  English  language. 
Leturs  an  Auvcrgne,  Cratislatcd  Into  German  hy  Professor  Nogge- 

rath,  with  Notes  and  Corrections,     llonn.  \S2b. 

Bukeireirs Travels  in  the  Ta/entaisc.     2  vois.  Svo.     London.  1823. 

Bertrand  Roui.  Description  du  Puy  en  Velay.     IS23.    An  excellent  account  of 

the  physical  BtruelDre  of  that  part  of  France. 

Steininger Erloschenen  Vulkane  in  Sudfraakreich.     Msiui.  1S23. 

Bemerkungen  ub«r  die  Eifel  nod  AuTCrgn*.     1824. 
Noggeralh Vorkommen  von    Foesiler   Saiigcthier-resten  in  dcr  AuTcrgne. 

Ku3len  ArchiT,  1BS4. 
Menird  de  U  Groye.    Sur  Beaulieu.    Joom.  de  Phf*.  toL  82.    There  it  also  a 

Klemoir  on  the  same  subject  by  Sanssure,  in  the  same  Journal 

forlhc  jMf  \7HJ. 
Marcel  dc  Serrcs.  V„lciins  d'ApIc,  Si.  Tliilicrj-  el  Mt.  Femer.    Journ.  des  Mines, 

IMIIM.  vol.  24.1>.  2SI. 
Volcaiis  I'tcinls  du  midi  dp  U  Kraiirc.     Mem.  Sac.  Liim.  Nor. 

ninudic.  vul.  3.  i>.  161.    Mem.  du  Mus-^um  li'llist.  Nat.  l(<2r. 

These  hnvc  reference  to  the  volcanic  rocks  of  (lie  Ccvenncs. 
Ciwiiriol  ct  Uoiiillet.    Kiiu  sur  k-s  Environs  d'Usoire  ct  la  Mouliignc<le  UaulaJc. 

IS-J7. 
IWmar.I.  Dc  ...  Ilasiill.'  dii  Drc\in  Dourgngne.    Ann.  dcs  Mines,  1828,  toI.  4. 

II.  1.16. 
Cuilliirdiit  rniduitsVolcaniqiiesouplulot  Basalt iqucs  de  Bi'don  a  unclieuede 

Ch.ilel  sur  Moselle,    Prnns  dra  Travaux  de  la  Soc.  Itoy.  de  Sc. 

ite.  de  Nancy  pour  182-1-28  (lt<2il),  p.  al. 
Scropc Gcaliii:;-  of  Central  France.     Lonilan.  IH27t  410.     Accompanied 

«itli  nn  Atlas,  containing  lieamiful  and  insiniciive  panoramic 

1  icivs  tif  ilic  volcanic  monntaini  in  Anvergne. 
Lvdl  anrl  MurcliiMm,  On  Ihc  Exe.ivation  of  \' alleys  bs  illustrated  by  the  volcanic 

rocks  of  Ontral  France.    In  Editib.  Journal  of  Science  for 

IHSH.vol.  21. 
KIciiischrod   ...  Conp  d'u'll  gcal.  snr  nne  panic  dc  I'Aitvcrirne.     Ilcrlba,  lri^9. 

Vi>l.  n.p.3-;2. 

Conillet Topigraphic  Mineral  du  Piiv  dc  Diraie,      IH29. 

Lccriii  ct  llonillci.  Coup  da^il   sur  In  Strulturc  g.vl.  et  min.  des  Monla  Dors. 
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Dtnbeny On  the  DiluTitl  Theory,  md,  The  Fonnatioii  of  the  VallejB  in  Au- 

Tergne.    Edinb.  New  Phil.  Jonrn.  1831. 

Bouillet Itin^raire  Min^ndog;lq!]e  de  Clermont  k  Anrillac,  &c.    1832. 

Coones  de  U  Soc.  G^L  de  fnnce  depnis  Cleimont-Perrandy  1833.    Boll.  Soc 

G^L  Fr.  vol.  4.  p.  1-60. 
Annales  Scientifiques  et  Industiielles  de  I'AuTergne.    Many  papers. 

Bunt Deflcription  de  la  France  Centrale.    1  ¥oL  8vo.  1833. 

Provost,  Const.  Snr  les  Groapes  Volcaniqnes  du  Cantal  et  dn  Mont  Dor.    Bull. 

Soc.  G^L  Fr.  1833,  toI.  4.  p.  124.    (Against  the  theory  of 

Craters  of  Elevation,  and  Dufr^noy  and  Ehe  de  Beaumont's 

Views  on  that  subject.    Ann.  des  Mines,  1833.) 
Dufr^noy  et  Elie  de  Beaumont.    M^oires  xK>nr  servir  k  une  Description  G^lo- 

gique  de  la  France.   1830-^8. 
Enlication  de  la  Carte  G^logique  de  la  France.    1841.    Vol.  1. 

Often  referred  to  in  the  course  of  this  Tolume,  as  advocating 

the  theory  of  Elevation  in  its  application  to  the  volcanic  rocks 

of  Anvergne. 

Boubie    Promenade  au  Mont  Dor.    1833. 

Desgenevez Surle  Cantal  et  les  Monts  Dors.  M^m.  Soc.  G^L  Fr.  1834,  vol.  1. 

pt.  2.  p.  175. 
Foumet Sur  les  Revolutions  qui  ont  modifi^  les  Monts  Dors.    Ann.  des 

Mines,  1834,  voL  5. 
Pissis SurleBasaltedeLaRoche,et]e8Ph£nominesquiontaccompagne 

son  apparition.    Le  Puy,  1836,  8vo. 
Forbes,  Prof.  J.  On  the  Geology  of  Auvergne.    Edinb.  Phil.  Journal  of  Science, 

1836.    Advocates  the  Elevation  theory. 
Lecoq,  H Sur  les  petits  Lacs  des  Terrains  Basaltiques  de  1' Auvergne.  Cler- 
mont-Ferrand, 1838,  8vo. 
Cordier  Sur  les  Systdmes  Volcaniques  de  rint^rieur  de  la  Fhmce.    Bull. 

Soc.  G^l.  Fr.  vol.  2.  p.  401. 
Pissis Sur  Tftge  et  la  position  des  Terrains  Volcaniques  dn  centre  de  la 

Fhmce.    Bull.  Soc.  G^L  Fr.  1843,  vol.  14.  p.  240. 
Rozet Sur  les  Roches  Plutoniques  de  quelques  parties  de  la  Chaine  qui 

s^pare  la  Saone  de  la  Loire.  Bull.  Soc.  G^l.  Fr.  vol.  7.  p.  120; 

voL  8.  p.  122.    M^m.  Soc.  Geol.  Fr.  1840,  vol.  4. 
Sur  lis  Volcans  de  TAuvergne,  avec  un  App.  sur  les  Volcans 

d'ltalie.    M^m.  Soc.  G^l.  Fr.  1844,  vol.  1.  pt.  1.  p.  51-162. 

Leymerie   Ditto,  voL  7.  p.  212. 

Lyell  Age  of  the  recent  Lava  CouUea  in  Auvergne.    Quart.  Journal  of 

the  Geol.  Soc.  of  London,  1846,  vol.  2.  part  2.  p.  75. 

GERMANY. 
1.  WESTPHALIA.. 

SIBBENGEBRIGB,  BIFBL^  BTC. 

CoUini Obtervations  tor  les  Monts  Volcaniques.  Manheim,  178L    Gives 

an  accoant  of  the  vokanic  conntty  near  the  Rhine. 
The  same  Author  in  1776  had  published  **  Observations  sur  les 
Agates  et  Basaltes." 

Sir  W.  Hamilton,  Phil.  Transactions  for  1778,  Part  1,  givea  a  short  account  of 

the  volcanic  roeks  of  the  Rhine. 

Note  Orographische  Briefeiiber  das  Siebengebirge.   2  volt.  4to.  1789. 

A  most  full,  thonrii  tediout  and  deraltory  account  of  the  neigh- 
bourhood of  the  Rhine. 

Humboldt Beobacht.  iiber  dnigen  Batalten  am  Rhein.    1700. 

Forster    Ansichten  des  Niederrheins.    1791. 

Behr  Coup  d'oeil  sur  les  anciens  Volcans  ^teints  des  environs  de  la  Kill 

Sup^rieure,  &c.    Paris,  1802,  8vo. 

Dettier   Sur  les  Volcans  de  la  Kyll.    Paris,  1804. 

Wurzer   Taschenbuch  des  Siebengebirge.    Koln,  1815. 

Camper  Reisenach  den  Vulkanen  des  Niederrheins,  edited  by  Von  Mark. 
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dcr  NMurfanrb.  GewUschiR  lu  HiUe,  1^19.  Gives  in  Mcount 
of  (he  Eiftl  Volcinoi,  Str  ilto  thf  Numben  of  hia "  TraiUch- 
land  geiiloguch-m>gDa>(iicfa  dirgeiUllt." 

Slddlnger  Geopiostiidi*  Studien.   1819. 

ErlotcfaeneB  VnlUne  in  der  Bifd.   1^20. 

GeognoiliBcbe  DemerkuDgtn  iiber  die  Built-gcbildf  dcs  west- 
lichen  D«utic)duidi.   1B20. 
Neue  Beitrage.    IB21. 
Gebirgakme.     l»22. 

Mk  ttnom  Memuin  in  the  work   rnlitled  "Da>  Gebirge  in 
Rheinlanil  Wntphalen.*'  edited  br   Profenor  Noggentb  of 
Bonn.  4  volnmes  of  whirh  u-e  nov  published. 
Vin  der  Vljok.  Uebenicht  d.  Kbein  u.  Eifei  erioacfa.  Vulkine.     IB26. 
Dillo.    I.eonhard'«  Jahrbach,  1836. 
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Oeynhanaeii  mid  Dechen.  Geopi.  Uniriii.  d.  RhcinUuider.    1825. 

Ilibbert  On  the  Eitinct  VoImhob  of  the  Buin  of  Neuwied  on  the  Lover 

tUiino.     London,  1833. 

Ilomet   On  the  Geology  of  the  Enriront  of  Bonn.    Tisnsaclioni  of  the 

GcologicBl  Society,  toI.  4,  new  teiita. 

Timier On  the  Siebengebirgc     Bull.  G6oL  de  France  pour  1833. 

Zehler,  T.  G.  ...  Da>  Siebengebirge.     1837. 

2.  HESSIA. 

RHONOBBIBOB,  HAD1CHT8WALD.  VOCBLSOEDIHGB,  WESTGRWALD,  BTC. 

Hdler. In  Miill'i  AunaL  del  Berg,  und  Hnltenkunde.  vol.  1,     On  the 

RhiinEcbicgc. 
Voigt  BeuhraibiuiB  dea  Hoclutitte  Fold.  1793.  Relates  to  the  Rhonge- 

bii^. 
Mineral ogischen  Reisen  von  Weimar  iilier  den  Thuringerwald, 

Rhongebirge.  Ite.     S  fola.  Svo.     IBII2. 
Kteine  Miner.  Schriften.   Weimar,  1802.     Relate)  to  the  basalts 

o(  Hessia. 
Japol)  uml  lloff.  Dcr  TlniringtrBald   fiir  Rciscmle  gescliilrlert.    2  vols.     Coiha. 

ino;-|Hl2.     Givpsan  account  of  llie  basalts  on  ibe  soutli.west 

sidcofTluirin;:erwald. 
Sartoiins Die  llasallc  von  Bisenacb.     1802.     Contains  the  first  notice  of 

the  ciirioiiEi  dykes,  mentioned  p.  U!)-I<)ll. 
G^ognoitisclie  Uvobacht.  Uisenacii.  1823. 
Nnclilrag.    1823.    All  llieM  memoirs  relate  to  the  basalts  about 

lloff.  Voii   Magav.in  der  Berlin.  Gcsellschnfi  Naturforschender  Freiinde,  5th 

year,  p.  317,  on  tlic  Blauc  Kuppenear  Ksclincge — withiplaie. 

Sec  also  I)e  la  Beche's  Geological  Memnin. 
On  ihe  Dike  of  Uorsel  near  Eisenach.    Same  work.  7th  year. 
Itasjic On  sonic  German  Volcaiioa.     London.   li7G.    Relates   to  the 

HaliiclitgwaM  near  Cassei. 
Catalcigue  dcs  Mill,  du  nays  de  CasscL  1801). 

Itelss   lleoliacht.  iil>er  einige  Ucuische  Grbirgsgcgendc.     Berlin,  1790. 

Dcclier    Uelier  die  Nassauische  Gcgeiiile.   ITMIi.    Gives  an  acconnt  of  the 

singular  pnrpliyrica  associated  vdth  clay-slate  alxml  Dillciiliiirg. 
I.coiiliiud   Tssclienliuirh  fiir  1R22.    Gives  an  account  of  the  rocks  about 

llelilvllicrg. 
Rliiingebirgc  Zeitsch.  f.  Min.  1827.  p.  9;. 

CiiiU  ,. lieisc  durc-h  der  RliimgRbirgc.  Leoiihard\  JnUrlj.  vol  -i.  1(^3.1. 

Schauli,  T Phvs.  iiiiii.  Ilesdiicib.  d.  Meissncrs.    ITyj. 
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KlipsteiDy  Aug.  Various  papers  on  Vogelsgebirge  and  Rhongebirge.  Leonhard's 

Jahrb.  f.  Min.  und  Arch.  f.  Min.  d.  Karsten. 

Sir  Alex.  Criohton.  On  some  parts  of  the  Taunus  M.  GeoL  Trans,  yol.  2,  new  series, 

1826. 

Wille,6.  A. Geogn.  Beschreib.  d.  Gebirgmassen  zwischen  Taurnu  u.  Yogeli- 

gebirge.    1828. 

3.  SWABIA. 

BRI8GAU,  BLACK  FOREST,  ETC. 

Leonhard    Taschenbuch  for  1823,  giTes  an  account  of  the  rocks  of  Brisgau, 

and  those  near  Constance. 
Bon^ In  the  Annales  des  Sciences  Natorelles for  August  1824,  giyes  an 

account  of  the  same  rocks. 

Saussnre In  Uie  Journal  de  Physique,  toL  44,  has  also  treated  of  them. 

Pictet has  inserted,  in  the  Transactions  of  the  **  Sod^t^  d'Histoire  Natu- 

relle  de  Geneye,"  a  short  notice  respecting  the  same  country. 
Razoumoftky ...  In  the  Bergmannisches  Joum.  vol.  5.  p.  188,  has  spoken  of  them. 
Wiedenman    ...  (vol.  6  of  the  same  work)  has  commented  upon  the  foregoing 

paper. 
Eisenlohr,  Otto   Geogn.  Beschreib.  d.  Kaiserstuhls  bei  Friburg  in  Brisgau.    1829. 
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OliTio' Voylge  dam  rEmpire  Ottoman.    3  tuIi.  4ta.  1B07. 

Moricr    Jouracf  thruugh  Pcreia.     2voli.  4to,  1808. 

SeetHBi  RcKUFiio.  publisbed  under  the  title  of  "A  (jricT  Account  o/llie 

Countna  adjoining  the  Lake  Tibottat,  tlic  JonliQ,  aail  tbe 

Ueul  Sea."    London,  ISIOi  imtm.    AUo  in  Zwili'l  Cone- 

tpondenz,  lol.  13-18, 
BDckingham  ...  Trneb  in  P«leitin«.     1821, 

Burckhanlt Traveli  in  Sjria.     1823. 

Robinwn    Biblical  Beacarchea  in  pBlcatine. 

Rouegger  Ruuja,  Syria,  PalMtiae.     184S. 

Aintitorth  Reccardiea  in  Aaania,  above  quoted. 

Burr    On  Aden.     Geol.  Trans.  ToL  C. 

Wilwu  Laodi itf  the  Bible.  2toU.1847. 

I'KllSIA  AND  THE  ADJOINING  COUNTRIES. 

Pallas Travels  in  the  Russian  Empire,    a  vols.  4to.  17t<S. 

Ilclncfn:'' Itesdireiliimg  dc9  Kaiikasus.    tiotha  und  St.  I'ctrrsbnrg,  1790. 

KbproiU Kdse  in  dciu  Kuiikasui..     Unite  iiiul  llerlin,  MHil. 

Engictbardt  iind  Parrot,  Rcisc  iu  dcni  Krviii  uiid  Caucasus.     Berlin,  181^. 
Sir  Kci  rurlcr,., Travels  in  Cicurgin.    4ti>.  Ifli, 

Sec  aita  Tuurnefort,  Clarke,  and  otlicn. 

Kinncir'a Travels  in  Asia  Minor. 

Morior's Travels  in  Persia. 

Kiihn  el  Barutsl  dc  Lis.  On  the  Ukc  Gnklsoliur.  Journal  of  S(.  Petersburg,  1^29. 

Parrot Ueise  i.uni  Ararat.   IB34. 

Dubois  dc  M[inliirreu\.   Voyage  autour  du  Cauca:iC.     Paris.  1839.  G  voh,  8vo, 

wiib  a  folio  atlas. 

Elctinolil    On  the  Caucasus. 

On  the  Nclghbnurliood  of  tbp  Casiiian.   Ed.  New  Pti.  Journ.  1833. 
Wagjier,  Moritz.  Araral,    Caii'ltc  of  Augsburg,  I84t. 
AIndi L'cber  die  (ieoguos.  Naiuriler  Arnicnisrhen  Hoctilfludcs.    ISM. 

Uulletin  de  l»  tiasse  I'livs,  dc  I'AeadTOiic  Jc  St.  IVlersliouri,'. 

Traii'bied  iu  llic  Quarlerlv  «cul.  Journal. 

Koeli   liej.en.     IMIfi. 

I.ieul,  Haird  ^niilti.    On   lurliLin  Carllu|iiak(s.     Journ.  Asiatic  Soricly  of  Ucngal, 
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ISLANDS  OF  ASIA. 

Valentyn Cud  en  nieuw  Ost-Indien.    9  vols.  1724 ;  $earee, 

Kraskeninicoff.   History  of  Kamtschatka  and  the  Kurule  Isles.  Translated  from  the 

Russian  into  French,  1767. 

Marsden Sumatra.    3rd  edition,  1811. 

Sir  S.  Raffles  ...  Java.    2  vols.  4to.    London,  1817. 

Kotzebue    Voyage  of  Discovery  during  the  years  1815-1818.    Translated 

into  English,  1821. 

Stewart  On  Sumbaya.    Trans.  Phil.  Soc.  Bomb.  1819,  voL  1. 

Don  lldefonso  de  Aragon.  Desc.  de  la  Ysla  de  Lufon.    1819. 
Barande,  I.T.  S.  Philippines.    Anales  de  Minas.    Madrid,  vol.  2.  p.  197. 

Colebrooke On  Barren  Island.    Asiat.  Researches,  vol.  4. 

Adam On  Barren  Island.    Trans,  of  the  Asiat.  Soc.  of  Bengal,  voL  1. 

Reinwardt  Java.  Verb,  der  Batav.  Genootsch,  1823,  voL  9. 

Leschenault   ...  Java.    Annal.  d.  Voyag.  1842. 

Boon  Mesch,  Van  der.  De  Incendiis  montiam  Javse.    1826. 

Blume Forty  Volcanos  and  Eruptions  of  Mud  in  Java  (Ann.  Berghaus, 

1832). 

Hardie   North  Port  of  Java.    BuU.  Soc.  G^l.  Fr.  voL  4.  p.  218. 

Junghuhn  Reise  nach  Java.    Magdeburg,  1845. 

Postals    Ueber  die  Vulkane  der  HalbinseL  Kamtschatka.    Leonh.  Jahrb. 

1836. 

Erman Kamtschatka.    Reise  mn  die  Welt. 

Titsingh's  Illustrations  of  Japan. 

Siebold   Voyage  an  Japan,  1838. 

Homer   Geology  of  the  Indian  Archipeltgo.   Leonbard's  Jahrbnch,  1 839. 

Dr.  S.  MiUler.     Celebes,  Amboina,  Banda.    Verh-doer  de  NaturL  Gesch.  Ind. 

NeerUmd.   1841. 

SOUTH-SEA  ISLANDS. 

Sandwich. 

Forster   Observations  dnrinff  a  Voyage  rotmd  the  Woxld.    London,  1778. 

Ellis    Tour  in  the  Sandwich  Islands.    1826. 

Stewart,  Ch.  ...  Hawaii  (Owyhee).   Amer.  Joum.  of  Science,  1826,  voL 20.  p.  228, 

or  Edin.  New  Phil.  Joum.  1827. 
Kelley,  E.  G. ...  Geology  of  Owyhee.    Amer.  Joum.  of  Science,  1841.  vol.  40. 

p.  117. 
Goodrich,  Jos...  Geology  of  Owyhee,  1834,  vol.  25.  p.  199. 

Douglas Joum.  of  the  Roy.  Oeograph.  Soc  London,  1834,  vol.  4. 

Chevalier    Voy.  de  U  Bonite,  Partie  G^l.  1844,  pp.  183-213. 

Anderson    Journal  <xf  a  Missionary  ronnd  Hawaii    Boston,  1825. 

St.  Paul  or  Amsterdam  I. 
Augsburg  Gazette,  1844, 25th  Aug.    Beitrage,  p.  1900. 

Otahbitb. 

Hoihnan,  E.   ...  Arch,  t  Min.  Kanten,  1829»  voL  1.  p.  259. 
Duperrey Voyage.    In  the  interior  of  the  Island. 

Othbr  Parts  of  thb  Pacific. 

Buch,  Von On  Van  Diemen's  Land,  in  the  Magazin  der  NstnrforBchender 

Freunde  zu  Berlin. 
See  also  Capt.  Cook's,  Bligh's,  Dampier's,  Vancouver's,  and  La 
Billardi^re's  Voyages. 
Chevalier,  E. ...  South  Shetland.    Voy.  aut.  du  monde  de  la  Bonite,  Partie  G^ol. 

1844,  p.  54. 
Ladrones.  Voyage  de  la  Bonite,  Partie  G^ol.  1844,  p.  217. 
Enderby Various  Isles.    Joum.  Geogr.  Soc.  London,  vol.  9.  p.  522. 
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Aktahctic  Comtinbnt. 
Capl.  Sir  Jtma  Rou.   Voyage  of  DlicoToy.  ISW. 
Dninoat  D'Urrille.  Biploring  BipedituiB. 

Wilekc    Ritto. 

Mircbwid  Ditto. 

Kni*en>ieni'(...  Voji^  round  Ihe  Worid. 

Briton 'a  VojB^  to  Piuaim't  lituid. 

Dtrwin   Volcuiic  l>Uad>.    1844. 

Dkffeabkcb    ...  New  Zealud.    1845. 

StrMleeU   Php.  Deic  of  New  South  WaUi.    1346. 

AFRICA.— Islands. 
Bachi  Van Id  the  Tranuctiuns  of  the  At^eniy  ofBtrrliD,  Lat  given  remark! 

on  tbe  Canarr  Uluid«.  eapedally  LaDCerotc  (Ana.  Igl8-19), 

Teneriffc  (Ann.  1^20-21). 
Bor7  St.  ViiMML  Voyage  aui  lies  d'Alriqae.    3  loll.  4(o.   Pari*,  1604.    On  the 

lalea  of  Prance  and  Bourbon. 
Dr.  Webtler  ...  Boston,  ISm     Account  of  ibe  Azoret. 

Ehrman  Weimar,  1807.    On  St.  Helena. 

BeMam'a    Tracts  on  St.  Helena.    4lo.  London,  1B16, 

Aunales  des  Mines,  1824,  gives  tome  accoant  of  lluilti  in  Seaegal,  from  the  ult- 

Bcrvitions  of  a  Frenchman  who  died  there. 
Ilowdich In  his  Postlmmoiis  Work,  London,  1H25,  has  given  a  geological 

description  of  Madeira  and  Porto  Santo- 
See  also  Humboldt's  Personal  Narralive,  vol.  1.  for  Teneriffe. 
Uu  I'clit  Thonais.  Tristan  d'Acunha  (Mutangra  de  Dotaniq.  el  de  Vovsge).   Paris, 

1811. 
Huch,  Van Voyage  aui  Ilea  Canaries.    This  iroportant  work  not  onlj  com- 

inunicalra  the  results  of  his  personal  observstioas  on  the  G«)Iogy 

and  Botany  of  the  Canaries,  but  likewise  coDfins  a  brief  but 

lumJDODS  account  of  all  other  eiiiting  Volcanos, — a  mine  of 

information  from  which  I  have  profitfid  largely  in  vBrioua  parts 

of  the  prcBCiit  volume.      1B2J.  Frfnch  Transl.  1B3G. 
Taylor Mount  Peter  Botte,  Mwiriliu*.  Joum.  of  the  Gec^.  Soc  Load. 

vol.3,  part  1.  p.  93. 
Cnuiiiholl.  KiiM.  Ulc  of  .\^c«u^ion.     l^.tin.  I'hil.  Joiini.  ltj2G.  vi>l.  14.  p,  47. 
S>tI.>.  U.iljirlF.  On  Ihe  (Icogiinsv  of  St.  Helena.     !H3I.     In  4  to.  oblong. 
Wditnl  llrrllu'liH.  Hilt.  Nat.  dcsCanarit's.     183C. 
V.ir^iis  ill   llcikinrir.    Kesunio  de  Oh5c^^■aIO«s  Gcolog.  al  Ilhas  da  Madeira.  Pono 

Santo  e  Acorcij.   1«:17. 
Mao^iulc^    Madfira.    Phvsical  (Jmgrai.bv.     Ed.  «ew  Phil.  Journ.  vul.  29. 

1810. 
Smilli  (,if  Jordan  Hill).    <ieol.  Trans.  1811.    Geology  of  Madeira. 

OarwMi     Vukaiiii- Eislaiirts.     1844, 

Dtvilk:,  Ch.    ...  UccbiTtliea  (j™log.  sur  les  lies  dcTcneriffc  cl  dc  Cogo.     Paris, 

IH4J. 
Hunt  GcoloKV  of  St.  Mary's  Island,  one  of  llic   Azores.      Quarterly 

(ir.'ui.  Joiirii.  No.  5. 

AFRICV-t'oNTINEXT. 

D'Abhadie Hnll.  So<-.  (;.:„!.  Kr.  vol.  10.  p.  122,     Abyssinia. 

I'Vrn'tcttialinitT.  Vuv.igc.'n  1839.  Conipi.  R.  Ac.  dc  Se.  IB44,  17  Juin.   Diito. 
Km-lier  d'Hcriemirt.  '  Tra\cls.    Snr  les  Wileans  de  I'Abvsa.  mOrid. 
Ruppcll.  Kd.  ..,  Reise  in  .VhvsslniKn,  IK,13~l(), 

Guulugic,     'Milj,  SeiikciibiTg,  vol,  I.  e.  3.  p.  2SC. 
Si-biinpcr,  Will.  Sanicu  and  Tacauie  in  Abvssinifl.     Angshurg  Uaictle.  1843. 
Vuyape  i.f  ILirneniann  and  Co^r(■^p,  de  Z.nh,  IflOO,     Fc/j.an. 

i;iiinil"ri.-';iml  llnn]iri,-h,     Tiiluls.      I;..irlir.  i.f  the  Red  Sc'ii. 
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ANTILLES. 

Torrubia Historia  Naturale  d'EspanoU.    Madrid,  1754. 

Dauxion  Laraysse.  Voyage  k  Tile  de  Trinity. 

Le  Blond    Voyage  aax  Antilles. 

Nagent  In  the  Geological  Traniactions,  toI.  1.  old  series,  and  vol.  1.  new 

series. 

Cortes Journal  de  Physique,  torn.  70. 

Moreau  de  Jonnes.  Sutistiqne  des  Antilles.    Paris,  1822. 

Sir  H.  De  la  Beche.  Geology  of  Jamaica.    GeoL  Trans,  vol.  2.  new  series. 

Dupuget Jonm.  des  Mines,  vol.  6.  p.  46.    Martinique. 

AMERICA. 
North  America. 

Nicollet  Psendo-Volcanos?  on  the  Upper  Missouri.    American  Joum.  of 

Science,  1843,  toL  45.  p.  154. 
Famham,Thos.  Travels,  &c.  1843. 

Gairdner Volcanos  N.QfVancouver,Orc»on  Territory  (Andand,1836,p.404). 

Ftemont,  Capt.  Narrative  6f  the  Exploring  Expedition  to  the  Rocky  Mountains 

in  1842,  and  to  Oregon,  1845. 

Mexico. 

Humboldt  Political  Essay  on  New  Spain. 

Researches,  &c. 

Essai  sur  le  Gisement  des  Roches. 

Glennie,  W.  ...  Ascension  to  PopocatepetL    Phil.  Mag.  1828,  June,  p.  449. 

Schiede  (De)  and  Deppe.  Volcano  of  Orizaba.    Hertha,  1829,  vol.  13.  p.  117. 

Galeotti  Voysge  au  Coffire  de  Perote.    Bull.  Ac.  Roy.  de  Bmxelles,  1836. 

Burkart,  Jos. ...  Aufenhalt  u.  Reisen  in  Mexico,  1836. 

Schleiden,  Emile.  Jorullo  (views  opposed  to  Humboldt :  no  elevation,  but  a  gradual 

covering  of  the  soil  by  eruptive  matter).  Zeitschrifl  fiir  die 
Fortschritte  der  Geographic  de  Froriep.  Weimar,  1847,  vol.  2. 
p.  14-27. 

South  America. 

Alonzo  d'Ovag^  Hist,  relaz.  dd  regno  di  Chili.    Roma,  1646. 

Condamine Mes.  des  trcns  premiers  d^. 

Molina    Histoire  Naturelle  de  ChiM,  translated  into  English,  1808. 

Humboldt  Personal  Narrative. 

Gisement  des  Roches. 

Volcanos  of  Guatemala.    Phil.  Mag.  1827. 

Bail^,CoL On  Guatemala.    London,  1823. 

D'Orbigny,  Aldde.  Voyage  dans  TAm^riq.  m^d. 

Meyen Travels.    Relates  to  Peru. 

Poeppig Travels  in  ChOi,  Peru,  &c.  1835. 

Dom6yko   Chili    Ann.  des  Mines,  1846. 

Gay Observations  on  ChilL    Compt.  R.  Ac.  de  Sc.  Paris;  1838. 

Castelnan's Recent  Journey.  Pern. 

Boussingault  and  Rivero.    Ann.  de  Chim.  1835.  Quito  and  New  Grenada. 

RouUn On  Colima. 

Hall,  CoL   Pichincha.    Brit.  Assoc.  Edinb.  1834. 

Wisse Pichincha.  N.  Ann.  de  Voy.  1845,  vol.  3.  p.  106.  Compt.  R.  Ac. 

de  Sc.  1845,  vol.  20.  p.  1785. 

Pentland Geograph.  Joum.  vol  5.    Outline  of  the  Bolivian  Andes . 

Miers Travels  in  Chile,  1826. 

Darwin  Observations  on  South  America.    1846. 

Sir  James  Boss.    Voyage  of  Discovery.    1846. 
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EARTHQUAKES. 

Beothn' ConiprnitiumTerrKniolniim.    Strulmrg,  1601, 

Bemb«rti  Temtmoiui  {i  KcginWr  of  Rurtbijuakei).    Nurnbetr.  ISU. 

Dr.  Vuiceoio  ...  Notiiie  i.turichr  d«  Tremuoii,     N.poli,  16B8.    A  Chrottologict] 
tad  ilictori(!>l  Aocounc  of  Eutlic|iukFj. 

Seyftrth AUgcmeine  Cwdilthle  rUr  Erdlwbcn.     Lrjpsif,  1756. 

B«rtnnd MtmoiTei  Ualeiiauei  lui  lo  Trcmblenieu  do  Tenc.     La  Ilue, 

irsT. 

Bwtbokn  JoanuU  At  Phjilqne,  torn.  14. 

UitetwU Phil.  Trans.  I7G0.  Thr  nmcwork  oont^ns  WTEnl other Hoonin 

on  E>rth<|UBk«  by  Dr.  Stuleley,  &c.,  especutlly  ibout   cbe 

midcllo  uf  tbc  ItU  century. 
Vifetuio Iiiorii  b  Troria  de  Titniuoti  mmiuti  ndl*  PrQTinria  delU  Ca- 

laliria,a:c.  di  1783-1767.     N'apoli,  17))H. 
Cotle  Tibinu  CbroDologiquc  do  pnncipaux  Plu-uoiDi.-nea  Meivorolo- 

dquw  obicrv^  on  dlffcrenB  pafi  dc|iiua  S3  ins,  &c.    Joomal 

dc  Physique,  lom.  C5. 

Dolomiea   On  thv  Calaliriu  Ganhquake. 

Tram.  Roy.  Acnd.  of  Naples  on  ditto. 

TiTcnfio Storio  di  Tremuoti,  17t13, 

Waltber Eriibebcu  uiul  Vulkaae  PbiysiMh  dargnlellt,  IS05. 

Krla  Die  UnachcD  der  Erdbcben.  1S2G. 

Keftnieln  ,.,...  Teutichlind,  toI.  4.pan  3.  Listof  VntcuiicEniptioniandEBrtli- 
quilioi.  in  chronological  order.    Weimai,  1tj37. 

Lyell  Prindpiea  of  Geology.  tdIs.  1  and  3,  1B30-1833. 

MinOnLam  ...  OaiheGartbquakeofChiri.  Trans.ofGeoLSoc  vol.  I.  new  series. 

Roflinan UinterksKne  Schriflen,  1939. 

BM On  the  BAithqnakei  la  China.   Ed.  Nen  Ph.  loam.  vol.  29, 1840. 

Owwia   .» Gcol.  Traoi.  toI.  I.  new  leriea. 

Bopkiiil Beaeaiches  In  nijaieal  Geology.  Cambridge  Phil.  Trani. 

IMWl   Traai.  Roy.  Iriih  Acad.    Dynamics  of  Eartliqnaliea.     ISIS. 

Hamilton    On  recent  Eartbifualiea  in  South  Amcrira.     Ed.  New  Ph.  Joum. 

TOl.  30,  1841. 
Milne  On  Batthquake  Shock*  in  Great  Britain.    Ed.  New  Pb.  Joorn. 

1H-I2-18J,1. 

Hutr,  Von    CaWloeuc  of  Eanliqiiakes  from  1821  to  182;.     Ann.  de  Pogk-cn- 

dorf.  ™l.  18,  1821. 
Ditto.   Ciiroiiik  der  EnlMicniind  Vulkaii,  1H41,    2  toIs.  Hvo. 
Bucgiicr.T DasErillicbciiiinil  seine  Erschcinunp-n.  Frankfvirt-on.the-Mainp, 

1847,  Hvo  ;  with  a  niap  of  the  Earthquake  of  29th  July,  184 G. 

THERMAL  WATERS. 

[N'.lt.  In  this  List  only  those  ^\'o[ks  are  included  nhich  afford  information  on 
the  jdiysii^al  plia^nnniona  of  Tlicinial  Waters,  and  appear  of  !iume  interest  in  a 
scientific  [>oinl  of  view.] 

Carrcrc  Catalogue  raisounv  des  ouvrages  sur  les  Kaux  Mini:ra1es.    1785. 

Conlicr,  M SiirlcChaieurccntrale.     Ann.  do  Museum,  1817. 

1*  Place Ditto.    Thermal  Waters.     Joum.  de  I'hvs.  1820,  vol.  SO.  p,  403, 

Kcfrr^tein  Tcntschlaiid,  1822,  vol.  2.  p.  54. 

llolf.  Von   Cci^nostische  llcnierkunecn  ilber  Karlsbad.    1825. 

Bcrzclius    Analysis  of  the  Waters  of  Carlsbaii.  in  rcniarks  on  their  origin, 

Traiiilatt^l  from  ttie  Swediih.    Lcip^ic,  1823. 

Anglada Memoiras  |iour  sertir,  &c.    1827.  1  vol. 

Traitf  des  Eani,  &e.  des  Pvri^iR^es  Orient,     1832.  2  vols. 

Osann I'hysik-nicdieinisi'h.  Darste'llunffdetbrkannten  Ilt'iliiucllcu.  1820. 

liuui^    Un'Thprnml  Waters.   Exlracled  frum  various  aulboTS.    Bull,  Soc. 

Gl'uI.  Fr.  isai.  Mil.  1.  p. '.15. 
Danbciiy Ou  Thmnal  SpniiBt.     Loudon  Revifw,  IS30, 
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Daubeny On  Thermal  Springs  and  their  connexion  with  Volcanos.    Edinb. 

New  Phil.  Joum.  1832. 
On  the  quantity  and  quality  of  the  Gases  emitted  from  the 

Bath  Water.    Phil.  Trans.  1833. 
On  the  Thermal  Spring  near  Torre  del  Annnnziata.    Ed.  Phil. 

Joum.  1835. 
Report  on  Mineral  and  Thermal  Springs.    British  Association 
Reports,  1836. 

Oodthe   Orisin  of  Thermal  Waters  ^Galvanic  action).     Zur  Naturwiss. 

uberhaupt  besonders  zur  Morphologie,  volf  1.  p.  211. 

Stredd    Geog.  Abh.  v.  den  Mineralquellen,  1831. 

Remarks  on  a  certain  kind  of  organic  matter  found  in  Sulphureous 
Springs.    Linn.  Soc.  Trans.  toL  16, 1831. 

Gardner On  Mineral  Waters.    Edinburgh,  1834. 

Boussingault  ...  On  the  Hot  Springs  of  the  Andes.    Annales  de  Chemie,  1834. 
Longchamp    ...  Trois  M^.  sur  les  Eaux  Min^rales.    Paris,  1835. 
Forl^,  James.    On  the  Kissingen  Waters.    Ed.  New  Phil.  Journ.  1836. 

On  the  Temperature  and  Geological  Relations  of  certain  Hot 
Springs.     PhiL  Trans,  for  1836. 

Bischof  Vulkanische  Mineralquellen.    1836. 

Warmelehre.    1837. 

Ldiurbuch  der  Chemische  Geologic.    1846-47. 

Rogers    Geological  Reports  on  Virginia.    1838. 

Bianconi,  G.  G.  De  Origine  Caloris  in  Aquis  Thermalibus  Considerationes  qusedam. 

Bologna,  1842. 
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